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INTRODUCTION 
The goal o f  t h e  State Coupled Resource Assessment Program i s  t o  i d e n t i f y  
and evaluate geothermal resources i n  t h e  s tate,  p a r t i c u l a r l y  low-temperature 
p o t e n t i a l .  
fo l lows:  
E ight  tasks were i d e n t i f i e d  and documented i n  t h i s  r e p o r t  as 
TASK ONE: Bottom-hole Temperature Survey 
TASK TWO: 
TASK THREE: Data Trans la t ion  s tud ies  
TASK FOUR: G r a v i t y  Data 
TASK FIVE: Substate Regions 
TASK S I X :  In format  i o n  D i  ssemi na t  i o n  
Heat Flow and Temperature Gradient Survey 
TASK SEVEN: S ta te  Geothermal Map 
TASK EIGHT: Reports 
The p r o j e c t  had t h r e e  major products; (1) a map "Geothermal Resources o f  
and documented 
ons and meetings 
Nebraska," (2) a s i g n i f i c a n t  amount o f  thermal 
w i t h i n  t h e  s tate,  and ( 3 )  a ser ies  o f  p u b l i c a t  
(documented as an Appendix) . 
data c o l l e c t e d  
ons, presentat  
i v  
TASK ONE 
Definition 
Task one was to complete a survey for available bottom-hole temperature 
data (BHT), produce a map showing the location of these data, and 
construct/contour maps depicting temperature versus depth. 
P r oc ed u re 
Bottom-hole temperature data are a part of the information submitted for 
holes drilled for oil, gas, minerals and water. 
ual holes were entered into computer storage. 
for input, edit, retrieval and display. Maps were produced from this data set 
and compared to other similar products. 
The data files for the individ- 
Appropriate software was designed 
Results 
More than 15,000 deep holes have been drilled i n  Nebraska i n  search of o i l ,  
gas and other minerals. Most of these holes were logged with some type of 
mechanical survey. The headings o f  these logs contain reference data pertaining 
to hole conditions and bottom-hole temperature (BHT). 
holes have been drilled as water wells, but these tests are usually quite 
shallow and rarely note significant temperature data. 
set was the major source for the BHT inventory. 
Tens of thousands of 
Thus, the deep hole data 
The distribution of the BHT data points per county is illustrated on Figure 
1-1. A state map (1:500,000) showing location o f  the deep wells with BHT data 
is included in the contract report and is available from the Conservation and 
DISTRIBUTION BY COUNTY OF T H E  
GEOTHERMAL DEEP WELL DATA SET 
March 31, 1983 
(Bottom - Hole Tem per0 t ure Surveys) 
Survey Division. 
this BHT data set and provide a variety of procedures for input-output, editing 
and manipulation. An example of output for one well is illustrated in Figure 
1-2. 
definitions are available. 
each entry. 
Table 1-1. 
BHT is shown on Figure 1-3. 
or combined with similar printouts for special data sets. 
A software management system was created in order to structure 
The abbreviations utilized are those common to the petroleum industry and 
Reference numbers are shown for key to storage for 
Those for county reference are included on Figure 1-1 and listed on 
An example of selected information extracted for interpretation of 
This sample well could be used as point source data 
The BHT data management system can also be interfaced with statistical or 
graphics software for interpretative studies. Formation tops, as noted on 
Figure 1-2, can be extracted with BHT and related to the stratigraphic section 
in Nebraska, Figure 1-4. 
compared with distribution of major rock units (Figure 1-5). Variations of BHT 
with depth have been compared to the major structural trends as shown on Figure 
Distribution of BHT patterns can also be mapped and 
1-6. 
Of obvious interest in the context of resource development is the geother- 
mal gradient. Figure 1-7 is the average annual surface temperature. A selected 
BHT data set was compiled and interpreted (AAPG 1976) to produce a national 
geothermal gradient map. The Nebraska portion of the AAPG map is generalized on 
Figure 1-8. A similar map was constructed from our current BHT data set (Figure 
1-9). 
good correlation between Figures 1-8 and 1-9. 
The trends and general forms o f  subsurface temperature anomalies have a 
There are, however, significant differences in gradient values. At least 
part of this variability is due to the correction values utilized for the AAPG 
study and because their study was based upon selected wells. 
interpretation utilizing all data is difficult due to the inconsistency of the 
data. These concerns are discussed under Task Three. These factors as well as 
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However, an 
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the contrasting values obtained from site specific data collected during the 
project forestalled a major effort for detailed gradient studies based on BHT 
data. 
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TASK TWO 
D e f i n i t i o n  
Task Two was t o  supplement and v e r i f y  the  e x i s t i n g  heat f l o w  and tempera- 
t u r e  gradient  data base. 
Procedure 
Monitor holes were i n s t a l l e d  and measurements were made on shal low and deep 
holes-of-opportuni ty.  
data and i n  areas which have a user-populat ion base and a poss ib le  geothermal 
Studies were focused on areas w i t h  a lack o f  v e r i f i e d  
resource. 
Resul ts 
I n t r o d u c t i o n - - I t  became apparent e a r l y  i n  t h e  p r o j e c t  t h a t  t h e  a v a i l a b l e  
data base was inadequate t o  evaluate Nebraska's geothermal resources. There was 
however a h igh  l e v e l  o f  exper t i se  w i t h i n  the  p r o j e c t  s t a f f ,  as a group, t o  pro- 
p e r l y  c o l l e c t ,  document and evaluate add i t iona l  data. I n s t i t u t i o n a l  r e l a t i o n -  
ships were a lso  suppor t ive i n  ga in ing access t o  data c o l l e c t i o n  oppor tun i t ies .  
A s i g n i f i c a n t  p o r t i o n  o f  the  p r o j e c t  was devoted t o  t h i s  e f f o r t .  
summarizes t h e  s i t e  s p e c i f i c  data c o l l e c t i o n  program. 
F igure  2-1 
P r o j e c t  Holes--Sites were selected across t h e  s t a t e  (F igure  2-21 f o r  t e s t  
d r i l l i n g  t o  determine rock character and ob ta in  geothermal data. 
t a l  assessment was made t o  determine t h e  impact o f  t h i s  p r o j e c t  a c t i v i t y  
(Appendix 2-1). Twenty f o u r  s i t e s  (Table 2-1) were establ ished c o n s i s t i n g  o f  
ho les conta in ing  one-inch (1.D.) standard weight black s tee l  casing. Samples 
An environmen- 
14 
L O C A T I O N S  OF D I R E C T L Y  MEASURED 
G E O T H E R M A L  D A T A  
10 0 IO 2 0  so 40 YlLLS 
-A 
I O  0 IO 2 0  30 4 O I I C O Y E T E R S  
ILLIL1 
G 1 R D  E N-- 
F 
m 
II GT-BC 
Gothenburg 
A 24H-78  
C H A S E  
4 1-79 
LOCATION OF PROJECT TEST HOLES 
N 
I 
N 
T e s t  Hole Number 
168- 78 
178- 78 
19H- 78 
24H- 78 
38- 79 
39-79 
40- 79 
41-79 
42- 79 
18-B-79 
24-8-79 
1 aGT- 80 
2GT-80 
3GT- 80 
4GT-80, 
5GT- 80 
6GT-80 
7GT-80 
8GT - 80 
9GT-80 
IOCT- 80 
11GT-80 
12GT-80 
13GT- 80 
PROJECT TEST HOLES 
County 
Sheridan 
She ri dan 
Lincoln 
1 i nco 1 n 
Otoe 
Cass 
Richardson 
Pawnee 
Pawnee 
Sheri dan 
Sheridan 
Boyd 
Keya Paha 
Cherry 
Hol t 
Wayne 
Burt 
Dbdge 
Lancas ter 
Dawes 
Legal ~ location 
SE,SE,  sec. 13, T 30 N ,  R 46 W 
N E S S € ,  sec.  31, T 33 N, 2 4 5  W 
SW,SW, sec. 36, T 12 N ,  R 29 W 
S E , S E ,  sec. 36, T 10 N ,  R 27 W 
SE.SW, sec. 6 ,  T 9 N, R 13  E 
SW,SW, sec. 2 ,  T 10 N ,  H 13 E 
N E , N W ,  sec.  34, T 3 N ,  K 14 E 
SW,SW, sec.  31 ,  T 1 N, R 9 E 
SW,SW, sec.  16, T 3 N ,  R 12 E 
N'VI,NE, sec. 24, T 34 N ,  R 42 W 
SW,NW, sec. 1, T 30 N ,  R 42 W 
SE,SW,SE, sec. 24, T 35 N ,  R 15 W 
SE,SW,NW, sec. 32, T 35 N ,  R 20 ki 
NE,SE,SW, sec. 28, T 34 N ,  R 27 W 
N W , N W , N W ,  sec. 6 ,  T 28 N ,  R 11 W 
SE,SW,NE, sec. 14, T 26 N .  R 3 E 
N E , S W , N E ,  sec. 6 ,  T 21 N, R 9 E 
SW,NW,NW, sec. 32,  T 18 N ,  R 8 E 
SW,SE,SW, sec. 22, T 8 N ,  R e E 
SE,SE,SE,  sec.  2 ,  T 32 N, R 51 W 
Morri 1 1  N W , r l W , N W ,  sec. 6 ,  1 21 N ,  R Si bi 
Cheyenne SE,SE,SE, sec. 33, T 14 t i ,  P 44 !.! 
Garden N W , S W , N W ,  sec, 26, T 17 N ,  R 45 b1 
Oeuel NE,RW,SE,  sec. 26, T 13 N ,  4 2  bJ 
Tab le  2 - 1 
1 7  
and various mechanical/electrical surveys were obtained to determine the nature 
of the strata and their contained water. 
each project hole are provided in Appendix 2-2. 
description for each hole i s  provided in Appendix 2-3. 
Correlated lithologic sections for 
A summary of the sample 
These project holes and several other wells were measured to determine heat 
flow (Table 2-21. 
intervals with a thermistor probe. 
are provided in Appendix 2-4. Sample cuttings were submitted for thermal con- 
ductivity measurements. For intervals and wells without available rock samples, 
estimates were made based on local stratigraphy. Heat flow for most of Nebraska 
ranges from 40 mW/m-2 to 60 mW/M-2. Several laterally extensive areas with heat 
flows as high as 120 mW/m'* have been delineated within the sedimentary 
section. 
Temperatures were recorded to the nearest 0.01 K at 5 m 
Temperature gradient charts for each well 
Other Selected Wells--Over 100 shallow wells and 12 deep wells were 
measured to determine equi 1 ibrium temperatures (Figure 2-1). 
dient charts for the deep wells are provided in Appendix 2-5. Tables of thermal 
gradient data for shallow wells are provided in Appendix 2-6. All of these data 
were obtained from non-producing wells either shut-in oil/gas wells, mineral 
exploration holes or shallow water table observation wells. The equilibrium 
temperatures were combined with heat flow data, thermal conductivity data and 
lithostratigraphic information to provide an interpretation on the thermal 
regime of Nebraska. 
bibliography, a map delineating "Geothermal Resources of Nebaska" was published 
in 1982 in cooperation with the National Oceanic and Atmospheric Administration. 
Temperature gra- 
In addition to specific items cited in the project 
18 
Locality Latitude Longitude Gradient (depth Conductivity Heat 5low 
iyt'jml) m (W/m/K) mW/m 
Box Elder Zir.:ron 40'57.58' 10OoY,.40' 27 45-225 2.7-1-7 73-46 
( K / W  
N 
I 
N 
Gothenbwg 
Big ,'.prir.gs 
Sidney 
Lisco 
Bayard 
Whit ne y 
Kaper 
Valent ir.e 
S p r i  ngv i e x 
Gordon 
Rushville 
Vhite C l a y  
Yay Scr:r.gs 
Cross Rszc?. 
Milldale ? , E Z C ~  
O ' N e i l l  
Wayne 
Oakhnd 
Fremo n t 
Benne t 
Unionhorth 
Union-sostti 
S t e l l a  
Table R Z C ~  
Liberty 
E l k  Creek 
4 0'47.16' 100°20. 50 ' 
42' 4.15' 102' 5.87' 
kl' 8.09' 102'56.11' 
41'25.13' 102'33.50' 
41'49.70 ' 103'17.00' 
42'58.75' 99' 1.39' 
42'54.08' 100'30, 25' 
42'57.75' 99'42.35' 
4 2 ' 9 . 9 '  102'12.29' 
42'36.65' 102'12.26' 
42'47.42' 102'39.43' 
42'34.23' 102'38.88' 
41'36.36' 101'48.20' 
41 '39.70' 101'26.68 ' 
42'26.15' 98'38.97' 
42'13.77' 97' 2 -53 '  
41 '49.46' 96'27.30 ' 
41'29.50 ' 96'33.4' 
40'38.40 ' 96'30.79 ' 
40'51.42' 95'48.91 ' 
40'46.20 ' 95'59.64 
40'11.15' 95°50.00' 
40'49.05' 96' 4.58' 
40' 3.00' 96'27.9' 
40'1 5.90 ' 96'10. 97 ' 
30 10-235 
59 10-135 
52 20-180 
47 10-189 
60 90-153 
66 10-153 
86 10-155 
64 25-150 
109 10-145 
48 10-165 
38 120-200 
48 10-235 
45 10-235 
9 200-570 
49 240-470 
50 105-150 
62 65-115 
15 60-115 
28 10-150 
20 120-125 
9 75-140 
23 95-100 
23 75-80 
30 60-80 
18 140-155 
30 120-145 
32 200-240 
2.7-1.7 
2.7-1.7 
2.7-1.7 
2.7-1.7 
2.7-1.7 
2.7-1.7 
1.7 
2.7-1.7 
1.7 
2.7-1.7 
2.7-1.7 
2.7-1.7 
2.7-1.7 
1.7 
1 * 7  
1 e 7  
1.7 
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TASK THREE 
D e f i n i t i o n  
Task th ree  was t o  def ine r e l a t i o n s h i p s  among bottom-hole temperature data, 
known geohydrology and measured deep we1 1 temperatures. 
w i t h i n  and between data sets would be defined. 
l i z e d  t o  make s t a t i s t i c a l  t r a n s l a t i o n  o f  petroleum i n d u s t r y  bottom-hole tem- 
perature da ta  i n t o  rea l -va lue  temperatures. A summary i n t e r p r e t a t i o n  of the  
v a l i d i t y ,  app l i ca t ion ,  and l i m i t a t i o n s  o f  these in tegra ted  data sets  would be 
made as they r e l a t e  t o  geothermal p o t e n t i a l  i n  Nebraska. 
Uni form c h a r a c t e r i s t i c s  
Software programs would be u t i -  
Procedure 
The bottom-hole temperature data set  (BHT) f o r  Nebraska cons is ts  o f  over 
14,000 t e s t s  d r i l l e d  by t h e  petroleum indust ry .  The major focus o f  the  study 
was t h e  r e l a t i o n  between t h e  uncorrected BHT data and the  temperature data 
c o l l e c t e d  d u r i n g  t h e  p r o j e c t .  
t i o n  and several  products der ived from these data were reviewed. 
analys is  o f  t h e  r e l a t i o n s h i p s  was prepared (Gosnold, 1982) and i s  discussed 
below. 
The procedures and assumptions f o r  data c o l  lec- 
A summary and 
Resu 1 t s  
Heat Flow Pro jec t ions  As a p a r t  o f  the  p r o j e c t ,  a number o f  heat f l o w  
measurements were made i n  shal low wel ls.  These data were p l o t t e d  and compared 
t o  BHT data i n  nearby deep wel ls .  An example of these comparative data are 
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i l l u s t r a t e d  i n  F igure  3-1 f o r  a ser ies  o f  w e l l s  i n  western Nebraska. Two some- 
what deeper w e l l s  are i l l u s t r a t e d  i n  F igure  3-2 f o r  west-central  Nebraska. 
F i g u r e  3-3 i s  a l o c a t i o n  map f o r  t h e  w e l l  data on the  previous f igure .  
Ex t rapo la t ion  o f  the  e q u i l i b r i u m  gradients  t o  t h e  equiva lent  depths o f  the  
deeper data shows t h a t  the  BHT data are genera l l y  10°C t o  2OoC lower. 
D i r e c t  Temperature During t h e  course o f  the  study, four teen deep w e l l s  
t h a t  were comparable t o  those t e s t s  i n  t h e  BHT data were measured a f t e r  they had 
a t ta ined thermal equi 1 i b r i u m  (Appendix 2-51, These temperature-depth p l o t s  were 
compared w i t h  t h e  BHT da ta  nearby, in most cases w i t h i n  a s i x  m i l e  radius.  
general conclusion was t h a t  t h e  BHT data i s  lower by severa l ' tens  of degrees 
when compared t o  actual  format ion temperature. 
The 
D e r i v a t i v e  Maps A comparison o f  geothermal gradients  and temperatures on 
top o f  the  Dakota Group was made between measured values and BHT data as 
portrayed on t h e  A.A.P.G. Geothermal Gradient Map o f  North America. The 
geothermal gradient  e x i s t i n g  above t h e  Dakota Group (Cretaceous) i s  i l l u s t r a t e d  
on Figure  3-4 on t h e  bas is  o f  e q u i l i b r i u m  temperatures measured a t  t h e  s i t e s  
ind icated.  A comparable p o r t r a y a l  o f  data (F igure  3-5) was obtained by con- 
v e r t i n g  t h e  publ ished map o f  North America (A.A.P.G., 1976) f rom Engl ish u n i t s  
t o  S.I. u n i t s  and t o  the  nearest in teger .  
between t h e  two maps and a number o f  apparent anomalys are present on t h e  
Nebraska p o r t i o n  o f  t h e  n a t i o n a l  map. 
Values are s i g n i f i c a n t l y  d i f f e r e n t  
A s i m i l a r  set  o f  maps was constructed i l l u s t r a t i n g  temperature data on top 
o f  t h e  Dakota Group (Cretaceous). The trends are s i m i l a r  between t h e  map based 
on p r o j e c t  data (F igure 3-6) and the  i l l u s t r a t i o n  (F igure 3-7) der ived from t h e  
na t iona l  map. 
Summary A number of s tud ies have focused on s t a t i s t i c a l  methods t o  c o r r e c t  
There i s  however a s i g n i f i c a n t  d i f f e r e n c e  i n  values. 
BHT data. 
BHT da ta  s e t  and compared t o  measured data, r e s u l t s  were d isappoint ing.  
However when several  o f  these methods were appl ied t o  the  Nebraska 
The 
21 
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F
igure 
3 - 1 
TEMPERATURE "C 
800 
1000 
1200 
1400 
L 
- 
- 
- 
- 
- 
- 
- 
- 
8a 
0 
5 8b 
0 0 
10 0 6  a 
0 
6b 
0 
8 
1 
0 
9 2  
0 0  3 0 7 
0 
1600t 
1 I I I I I I I I I I I 
Comparison of heat  f low gradients and BHT data 
i n  west c e n t r a l  Nebraska 
23 Figure 3 - 2 
Locat ion o f  heat f l ow  and BHT d a t a  s i t e s  f o r  Figure 3-2 
2 4  
F igure 3 - 3 
3-4 Geothermal g rad ien t  ( i n t e r v a l  - 
1O0C/krn) above the Dakota Group, mea- 
4 0  sured s i t e s  ind ica ted .  
3-5 Geothermal g rad ien t  der ived from 
Map of North America (AAPG, 1976). 
3-6 Temperatures on top  o f  the Dakota 
Group ( i n t e r v a l  - 10°C) based on mea- 
sured values. 
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3-7 Temperatures on top  o f  the Dakota 
Group ( i n t e r v a l  - 10°C) der ived  from 
Map o f  North America (AAPG, 1976). 
Figures 3 - 4,5,6,7 
variance from the national map (A.A.P.G. ,  1976) can partially be explained by 
the inappropriate corrections applied for thermal conductivity of the sedimen- 
tary section. 
data for each well. 
In a total of more than 14,000 well logs, few instances were found where 
Of more concern is the apparent inconsistency in recording BHT 
the elapsed time since circulation was not recorded in one hour increments. 
elapsed time is a critical factor in deriving a corrected value. 
mud temperatures are also suspect as indicated by the frequency of occurrence of 
certain temperatures. 
and raise questions as to the validity of the data and the feasibility of 
correcting the data. It is especially disturbing that the "common" temperatures 
fall within the bulk o f  the data and would not be considered suspect in sta- 
tistical treatment of the data. 
The 
The recorded 
This phenomenon is observed for all areas of our study 
Using BHT data as filed or even as corrected by the A.A.P.G. gradient map 
would underestimate the low temperature geothermal resource of Nebraska by 
about 80%. 
cal and based on the geohydrology. 
the fact that the BHT information is not scientifically recorded and is 
therefore not susceptible to structured analysis. 
that BHT data sets, at least in Nebraska, tend to underestimate both the actual 
formation temperature and the geothermal gradients and would thus overlook a 
significant portion of the low temperature geothermal resource. 
Correction programs were attempted for the BHT data, both statisti- 
Unfortunately the problem seems to lie with 
Data users should be aware 
TASK FOUR 
Definition 
Task Four was to compile existing gravity data for the state, relate these 
data to basement rock configuration and rock type and determine implications for 
geothermal resources. 
Procedure 
Both published and file data from the Conservation and Survey Division were 
An additional evaluation of 
All of these data were 
compiled at appropriate scale and contour interval. 
gravity data was assembled under Gosnold's direction. 
compared, analyzed and produced at appropriate scale for this report. 
Geothermal resource, particu 
to a thermal anomaly in the under 
In these instances, basement heat 
tionship to deep-seated materials 
o f  the rock. It was anticipated 
Results 
arly those at high temperature, can be related 
ying basement rock in many areas of the world. 
sources are created either by a genetic rela- 
or by the inherent geochemical characteristics 
that any significant heat flow data measured 
in Nebraska could be related to basement rock characteristics. 
As a corollary to this activity, it was felt that a better understanding 
of the basement rock would allow a predictive analysis of potential geothermal 
resources. 
had been interpreted by Carlson (1969) primarily from deep well data. 
data had become available which allowed Burchett (1982) to publish a 5 milligals 
Basement rock type (Figure 4-1) and configuration data (Figure 4-21 
Gravity 
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contour map of the state based upon an assumed density of 2.67g/cd (Figure 
4-3). A second interpretation of gravity data was prepared under Gosnold's 
direction utilizing an assumed density of 2.2g/cm3 (Figure 4-4). 
The more intensive integration o f  these data for this research project was 
not pursued for the following reasons: 
indicate any significant new correlation of gravity and known basement rock; 2) 
all of the expected derivative maps were not created due either to lack of 
expertise or processing constraints; and 3 )  the heat flow patterns provided from 
site measurements did not indicate that there was a direct genetic relationships 
with underlying basement rock. 
It should be noted, however, that the Precambrian terrain is highly complex 
1) the initial map products did not 
in parts,of Nebraska. 
obvious areas of relationships, site specific research co Id yield the potential 
for local geothermal resources. These developments might result from new low- 
temperature technology, a hot dry rock project, or possib e exploitation of deep 
drilling into the metasediments. 
Even though our statewide inventory did not identify 
30 
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EX PLAN AT ION 
CONTOUR INTERVAL 
25 Milligals 
DENSITY 
2.2 g/cm3 
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B O U G U E R  G R A V I T Y  
TASK F I V E  
D e f i n i t i o n  
Task F i v e  was t o  compile ava i l ab le  geoscience in fo rmat ion  p e r t i n e n t  t o  
geothermal resources and i n t e r p r e t  i t  f o r  se lected substate regions o f  t he  
s ta te .  
Procedure 
Data were co l l ec ted  f o r  heat f low,  thermal gradient ,  bottom-hole tem- 
perature,  s t ra t ig raphy ,  thermal conduct iv i t y ,  s t ruc tu re ,  geophysics and aqu i fe r  
cha rac te r i s t i cs .  A synthesis o f  these data ind ica ted  t h a t  Nebraska conta ins 
broad areas o f  cons is tent  pa t te rns  o f  geothermal resources r a t h e r  than s i t e  spe- 
c i f i c  o r  substate regions. 
state-wide perspect ive and t h e  c rea t i on  o f  a data base f o r  s p e c i f i c  p r o j e c t  eva- 
l u a t i o n  as t h e  i n t e r e s t  emerges. 
E f f o r t s  were focused upon t h e  preparat ion o f  a 
Resul ts  
The product considered most . s u i t a b l e  f o r  t h e  cur ren t  user-audience was the  
s t a t e  map a t  a sca le  of 1:500,000. This  map, "Geothermal Resources o f  
Nebraska," was publ ished i n  1982 and over 4,000 copies have been d i s t r i b u t e d .  
It has proven t o  be t h e  appropr ia te product t o  make v i sab le  t h e  a v a i l a b i l i t y  o f  
low-temperature thermal water and has establ ished a cont inu ing  i n t e r e s t  i n  t h e  
p o t e n t i a l  f o r  development of geothermal resources. 
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The base data f o r  the var ious geoscience and thermal in format ion a c t i v i t i e s  
have been presentec i n  the  designated Task Sections w i t h i n  t h i s  repor t .  
more techn ica l  o r  i n t e r p r e t a t i v e  products have been publ ished i n  appropr iate 
journa ls .  
State Coupled Resource Assessment Workshops. 
t i a l  resource development are t h e  heat f l o w  data provided on F igure  5-1. 
areas of s i g n i f i c a n c e  are genera l l y  o u t l i n e d  by the  shaded areas. 
western Nebraska i s  an area where heat f l o w  appears t o  range from 80-120 mWm-* 
which r e f l e c t s  the  Denver Basin. I n  nor th  Nebraska, values were obtained i n  
excess o f  120 mwm-2. 
Other, 
Other app l i ca t ion-or ien ted  products have been submitted t o  the  annual 
O f  p a r t i c u l a r  i n t e r e s t  f o r  poten- 
Two 
Across 
The other  resource requirement i n  add i t  on t o  heat f l o w  i s  a s u i t a b l e  
aquifer. The Pleistocene and T e r t i a r y  (Ogal a la)  groundwater reservo i rs ,  the  
major aqu i fe rs  u t i l i z e d  i n  Nebraska, have l i t t l e  p o t e n t i a l  as a geothermal 
resource by current  d e f i n i t i o n .  The Dakota Group (Cretaceous) has both the  
aqui fer  p o t e n t i a l  and the thermal c h a r a c t e r i s t i c s  t o  serve as a low-temperature 
resource i n  t h e  western h a l f  o f  the  s t a t e  (hachured l i n e ,  F igure  5-1).  
less  well-documented groundwater reservo i rs ,  are the  Paleozoic rocks i n  t h e  
deeper bas ina l  areas. An example would be the  Madison Group (Miss iss ipp ian i n  
northwest Nebraska). A t h i c k  sequence o f  Precambrian metasediments i n  eastern 
Nebraska have y e t  t o  be adequately invest igated. 
Other, 
It was t h e  conclusion of t h i s  inventory  program t h a t  the  Dakota Group has 
t h e  most immediate p o t e n t i a l  as a geothermal resource (F igure 5-2). One p r o j e c t  
i n  western Nebraska has received pre l im inary  approval f o r  the  state-supported 
grant  program. 
i s  t h e  expanding u t i l i z a t i o n  of groundwater heat pumps. 
t h e  p o t e n t i a l  f o r  ho t  d r y  rocks p r o j e c t s  e x i s t s  i n  Nebraska b u t  no i n t e r e s t  has 
been expressed. The vast resources of low-temperature thermal waters could 
An a c t i v i t y  which tends t o  promote i n t e r e s t  i n  geothermal energy 
As i n  many other  areas, 
however undergo r a p i d  development if a technologica l  o r  c o s t - e f f e c t i v e  u t i  l i z a -  
t i o n  became a v a i l a b l e  t o  d isp lace  current  energy sources. 
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TASK S I X  
Definition 
Task Six was to disseminate geoscience information about the geothermal 
resource in Nebraska. 
Procedure 
A major function o f  the Conservation and Survey Division is to serve as a 
technical data and information base for natural resources. The new geothermal 
data, general background and potential applications in Nebraska were all 
integrated into the Division's information system. Activities were carried out 
locally, statewide, nationally and internationally. 
Results 
Many of the formal information disseminat 
37 
on act vities are documented in 
Appendix 6-1. This compilation includes: Publications, Presentations, Meetings 
Attended, and Meetings Sponsored. There were, of course, a number o f  informal 
information service contacts and media coverage integrated with other 
geoscience, energy and environmental programs. 
A major publication was the map "Geothermal Resources of Nebraska" 
published in 1982 in cooperation with the National Oceanic and Atmospheric 
Administration. By use o f  
diagrams, inset maps and area discussion; this publication served a wide variety 
Over 4,000 copies of this map have been distributed. 
of in format ional  and educat ional  needs. Other more formal p u b l i c a t i o n s  dissemi- 
nated both Nebraska data as w e l l  as resource i n t e r p r e t a t i o n s  t o  a more technica l  
aud i ence. 
No s i  te -spec i f  i c  o r  substate reg ional  r e p o r t s  were pub1 i shed. 
s t a t e  map was supplemented w i t h  mater ia ls  provided t o  l o c a l  media. 
data c o l l e c t i o n  a c t i v i t y  as w e l l  as p r o j e c t  i n t e r p r e t a t i o n s  were given h igh 
v i s i b i l i t y .  A two page a r t i c l e  was publ ished i n  t h e  Nebraska Farmer (McCabe, 
1982) other  statewide coverage was provided by numerous a r t i c l e s  i n  t h e  major 
newspapers o f  Omaha and L incoln.  A geothermal f a c t  sheet was d i s t r i b u t e d  
through t h e  Cooperative Extension Service (Burbank, 1982, copy included).  
Instead the 
Both the 
% 
An obvious response t o  the  informat ion provided by t h i s  p r o j e c t  was the  
act ions taken by t h e  Nebraska L e g i s l a t u r e  and appropr ia te s t a t e  r e g u l a t o r y  agen- 
c i e s  i n  1982. 
regu la t ion .  
mal resources. P r o j e c t  s ta f f  were techn ica l  advisors throughout t h i s  process o f  
l e g i s l a t i o n  and prepara t ion  of regulat ions.  ‘ A  workshop was sponsored as a p a r t  
LB 708 defined geothermal resources and provided guide l ines f o r  
LB 799 created a state-supported grant program t o  develop geother- 
t o  prov ide background f o r  s t a t e  agency o f  t h e  p r o j e c t  a c t i v i t y  (see 
and l e g i s l a t i v e  personnel. 
Throughout the  in format  
attached) 
on dissem 
t h e  low temperature c h a r a c t e r i s t i c s  o f  
i n t e n t  t o  promote t h e  development o f  a 
n a t i o n  a c t i v i t y ,  the  emphasis has been on 
the  geothermal resource. There was no 
large-scale geothermal indust ry .  The 
in format ion provided has however, encouraged t h e  c r e a t i o n  o f  a p r o j e c t  t o  assess 
t h e  p o t e n t i a l  f o r  space heat ing o f  Nebraska Western College. Other s i m i l a r  pro- 
j e c t s  are being discussed. 
cos t -e f fec t i ve  u t i l i z a t i o n  o f  low-temperature geothermal resources w i l l  be of 
s i g n i f i c a n t  i n t e r e s t  t o  a broad, well-informed audience i n  Nebraska. 
Any s i g n i f i c a n t  breakthrough i n  technology f o r  more 
Geothermal Energy Resources i n  Nebraska 
The Nebraska Legis lature enacted two b i l l s  i n  1982 r e l a t i n g  t o  geothermal 
resources which were signed by Governor Thone. 
b r i e f l y  sumnan'ze the provisions o f  the l eg i s la t i on ,  review data on geothermal 
resources i n  Nebraska, and discuss po ten t ia l  for  development o f  geothermal 
resources i n  the state.  
The purpose o f  t h i s  paper i s  t o  
Legi s 1 a t  i on 
LB 708 - i s  an "act re la t i ng  t o  minerals; t o  provide that  geothermal depos- 
i t s  sha71e t reated as mineral interests;  t o  define terms; and t o  provide for 
permits." 
As defined i n  the act, "geothermal resources sha l l  man (a )  the natural  
heat o f  the earth and the energy produced by tha t  heat, inc lud ing pressure, and 
(b) the materi a1 medi um containing tha t  energy. 'I The terms "geothermal f l  u i  ds ,I' 
"geothermal occurrence" and "material medium" are also defined i n  the act. The 
act provides tha t  the r i g h t  t o  develop and produce geothermal resources i s  i n -  
cluded with any d iv is ion  o f  the mineral r i g h t s  (estate) and the Owner o f  the 
mineral estate w i l l  have the r i g h t  t o  enter  the over ly ing surface property a t  
reasonable times and i n  a reasonable manner t o  prospect for, produce and trans- 
por t  the geothermal resources. Mineral r i g h t s  granted p r i o r  t o  t h i s  act are 
not af fected unless geothermal resources were speci f i c a l l y  included. 
Any person who desires t o  withdraw ground water f o r  geothermal resource 
development must f i r s t  obtain a permit from the Di rector  o f  Water Resources. 
The Water Resources Department w i l l  adopt rules and regulat ions governing 
issuance o f  the permits. Permits w i l l  be issued i n  consultat ion w i th  the De- 
partment o f  Environmental Control and development and production o f  geothermal 
resources w i l l  be subject t o  ru les and regulat ions developed under the Environ- 
mental Protection Act. 
LB 799 - i s  an act re la t i ng  t o  energy which amends the revised statutes of 
N e b r a n  provide grants t o  ass is t  i n  developing geothermal energy sourtes. 
I n  t h i s  act, geothermal energy i s  defined as "all  products o f  geothermal processes 
embracing indigenous steam, hot water, and hot  br ines ..." "Any p o l i t i c a l  sub- 
d iv is ion which derives a por t ion of i t s  funds from property tax may apply t o  the 
S t a t e  Energy Of f ice for  a geothermal energy u t i l i z a t i o n  grant." The grant w i l l  
require 50-50 matching funds. The grants may be used f o r  "projects which w i l l  
reduce conventional energy use and u t i l i z e  geothermal energy i n  pub l ic  bui ld ings."  
Funds were appropriated t o  the Nebraska Energy Office t o  carry out the provis ion 
of t h i s  por t ion  of LB799. More i n f o n a t i o n  on t h i s  l eg i s la t i on  can be obtained 
from Mr.  Buck Balok, Director, Nebraska Energy Of f ice,  PO Box 95085, Lincoln, 
Nebraska 68509 (402) 471-2867. 
Geothermal Resources i n  Nebraska 
The Conservation and Survey Division, IANR, i s  coordinating a four-year 
(1979-1983) agreement w i t h  the U.S. Department o f  Energy (DOE) t o  invest igate 
and compile data r e l a t i n g  t o  the geothermal resource potent ia l  o f  Nebraska. 
Pr incipal  invest igators  f o r  the pro ject  a re  Duane A. Eversol l  o f  the Conservation 
and Survey Div is ion and W i l l i a m  D. Gosnold from Department o f  Geography-Geology 
UN-0. From these data a map o f  "Geothermal Resources o f  Nebraska-1982" has been 
published by the National Oceanic and Atmospheric Administration (NOM) f o r  the 
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U.S. Department of Energy. 
Survey Division, 113 Nebraska Hal l  , Universi ty o f  Nebraska, Lincoln, Nebraska 
68588-0517. 
m a i l  f o r  $1.00 folded, $1.50 ro l led.  
This map i s  avai lable from the Conservation and 
There i s  no charge over the counter, o r  they may be ordered by 
The map of geothermal data compiled by the Universi ty o f  Nebraska shows tha t  
development o f  geothermal resources i s  bel ieved t o  have the greatest potent ia l  i n  
the Dakota geologic u n i t  i n  the western h a l f  o f  Nebraska general ly west o f  a l i n e  
from McCook t o  Niobrara. Another potent ia l  aqui fer  i s  the Madison geologic un i t  
that  i s  l i m i t e d  t o  the extreme northwest comer of  Nebraska. 
b r i e f l y  describes the geothermal resource i n  Nebraska and explains how the map 
was developed. 
The map legend 
The geothermal resources o f  Nebraska are i d e n t i f i e d  asoLow-Temperature Thermal 
Waters. 
be used as p rac t ica l  heat sources. 
ence that  thermal waters may be found everywhere wi th in  the Dakota and Madison 
group. 
only be determined by d r i l l i n g  a t e s t  we1 1. 
t h i s  leg is la t ion.  Such heat pumps u t i l i z e  wa te r  pumped from the shallow ground 
water aquifers and are not considered a geothermal resource. I n  Nebraska, the geo- 
thermal resource g e n e r a m  l i e s  below 600 meters (1,968.6 feet )  i n  depth. 
development of geothermal waters would have no ef fect  upon the shallow ground water 
aquifer used for i r r i g a t i o n  and other purposes i n  Nebraska. 
"The Nebraska Supreme Court has ru led tha t  ground water belongs t o  the publ ic . "  How- 
ever, ". . .LB 708 establ ishes tha t  heat i n  geothermally heated ground water belongs t c  
the over ly ing landowner" ( o r  the Owner of the mineral r igh ts ) .  "Whether t h i s  creates  
a s ign i f i can t  legal  inconsistency and what s igni f icance t h i s  legal  inconsistency has 
remains t o  be seen." 
They are warm water a t  temperatures lower than 100 C, but warm enough t o  
Exis t ing knowledge does not permit the in fe r -  
The actual existence o f  s u f f i c i e n t  thermal waters i n  any given locat ion car 
It should be noted tha t  the use o f  ground w a t e r  heat pumps i s  not af fected by 
Proper 
As pointed out i n  "Nebraska Water Law Update" Number 45 (May 17, 1982, Page 5) .  
Potential For Development 
a t  the present time. 
e r a l l y  precludes explorat ion and u t i l i z a t i o n  by ind iv idual  developers. The resource 
might however be developed as a group e f f o r t  for  use i n  pub l i c  bu i ld ings,  a group 
o f  homes o r  businesses, o r  f o r  agribusiness uses such as grain drying, f i s h  farming, 
and heating greenhouses and l ivestock bui ldings. 
require h igh temperatures, and thus can u t i l i z e  the geothermal resource a f t e r  some 
heat has already been extracted f o r  other purposes. 
The potent ia l  for  geothermal resource development i n  Nebraska i s  la rge ly  unknown 
The cost o f  development i s  very expensive and r isky,  and gen- 
Many agribusiness uses do not 
Some wel ls i n  nor th  central  Nebraska, p r imar i l y  Boyd, Knox andKeya Paha Counties, 
produce warm water from the Dakota geologic un i t .  
and have potent ia l  f o r  use as a low-temperature d i rec t  heat source. 
Persons In terested I n  developing geotheraml resoufeel flay dbtdin addl t f  aha1 
background data from the UNL Conservation and Survey Divis ion,  113 Nebraska Hal l ,  
Universi ty o f  Nebraska, Lincoln, Nebraska 68588-0517 (402) 472-3471 o r  the Nebraska 
Many of these wel ls a re  artesian 
O i l  and Gas Conservation Comnission, Sidney, Nebraska (308) 
Prepared By: 
John A. Burbank, Cooperative Extension Service, Uni vers 
Ju ly  23, 1982 
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254-4595. 
t y  o f  Nebraska - L i n co n 
University of 
Nebraska 
Li nco I n 
Institute of Agriculture and Natural Resources 
Conservation and Survey Division 
113 Nebraska Hall 
901 North 171h Street 
Lincoln, NE 68588-051 7 
Telephone (402) 472-3471 
Geological and Natural Resources Surveys 
WORKSHOP ON THE 
P o t e n t i a l  f o r  Low-Temperature Geothermal Resources 
I n  Nebraska 
Monday May 24, 1982, 9:OO-11:59 a.m. 
Nebraska Center f o r  Continuing Education 
The p re l im ina ry  r e s u l t s  of an inventory  o f  geothermal resources i n  
Nebraska i n d i c a t e  t h a t  a t  l e a s t  one ha l f  of the s t a t e  has a low- 
temperature geothermal p o t e n t i a l .  The p o s s i b i l i t y  o f  u t i l i z i n g  t h i s  
resource f o r  d i r e c t  heat ing  has created both l e g i s l a t i v e  and 
r e g u l a t o r y  issues. The purpose of t h i s  workshop i s  t o  acquaint 
p u b l i c  o f f i c i a l s  w i t h  the  resource data, the  cu r ren t  technology 
and the  management imp l i ca t i ons  of developing geothermal resources 
i n  Nebraska. 
Topics t o  be covered inc lude:  
1. D e f i n i t i o n  and data base 
2. background and geologic  framework 
3 .  resource p o t e n t i a l  
4. deep d r i l l i n g  
5. u t i l i z a t i o n  
You o r  a designated rep resen ta t i ve  are  i n v i t e d  t o  p a r t i c i p a t e  i n  
the panel p resenta t ion  and d iscuss ion.  I t  i s  a n t i c i p a t e d  t h a t  
the  1 : 500,000 scale map "Geothermal Resources of Nebraska" w i  11 
be a v a i l a b l e  f o r  d i s t r i b u t i o n .  No r e g i s t r a t i o n  fee i s  requ i red  
b u t  the r e t u r n  o f  the  enclosed form would be appreciated. 
I University of Nebraska-Lincoln 
Convener 
Marvin P.  Carlson 
402/472-3471 
University of Nebraska at Omaha University of Nebraska Medical Center 
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TASK SEVEN 
Definition 
Task Seven was to compile a user-oriented state geothermal resource map. 
Results 
A map entitled “Geothermal Resources of Nebraska” at a scale of 1:500,000 
was published in 1982. The geothermal data collected as the result o f  this pro- 
ject and additional geoscience information were compiled and interpreted by pro- 
ject staff. 
Atmospheric Administration. 
nal report. 
Division, University of Nebraska-Lincoln. 
Publication was in cooperation with the National Oceanic and 
The map is included as Appendix 7-1 in this origi- 
Additional copies are available from the Conservation and Survey 
TASK EIGHT 
Definition 
Task Eight was to prepare, submit and distribute appropriate reports. 
P r oced u re 
A major reporting activity was the preparation and distribution of a sum- 
mary of monthly activity (see attached example for August 1982). 
reports fulfilled a formal reporting requirement to D.O.E. as well as served as 
an informal newsletter to a much broader audience. The numerous products and 
activities cited in the Bibliography (Appendix 6-1) also served to report pro- 
ject accomplishments to appropriate audiences. 
formal reporting activity required. 
These progress 
Their Final Report is the other 
43 
AN INVENTORY OF 
Geothermal Resources In Nebraska 
State-Coupled Program between 
U . S .  Department of Energy 
and 
The Univers i ty  of Nebraska 
PRINCIPAL INVESTIGATORS 
W i l l i a m  D.  Gosnold 
Duane A. Eveqsol l  
PROJECT COORDINATOR 
Marvin P .  Carbon 
DE-AS07-79ET27205 Mod. A003 
Progress  Summary August 1982 
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Geothermal  Monthly Repor t  
August 1982 
The Department  o f  Energy m o d i f i e d  c o o p e r a t i v e  agreement  
DE-AS07-79ET27205 Mod A003 s p e c i f i e s  e i g h t  r e s e a r c h  t a s k s  t o  
be performed by t h e  Nebraska S ta te -Coupled  Geothermal  team. 
The p r o g r e s s  of t h e s e  e i g h t  t a s k s  is summarized i n  t h i s  r e p o r t .  
Task 1. Bot tom-Hole  Tempera ture  (BHT) Survey  
Work i n  t h e  BHT s u r v e y  c o n c e n t r a t e d  on f u r t h e r  development  
of t h e  master data management program r e f e r r e d  to as  DWELL. The 
DWELL program p r o v i d e s  t h e  u s e r  w i t h  t h e  o p t i o n s  of c r e a t i n g  
new records for  a d d i t i o n  t o  t h e  data set, d i s p l a y  and e d i t i n g  
of  e x i s t i n g  r e c o r d s  and t h e  a b i l i t y  t o  p r i n t  a l l  or p a r t  o f  t h e  
e n t e r e d  r e c o r d s .  E d i t i n g  f o r  t h e  DWELL program was per formed by 
s t u d e n t  r e s e a r c h  speciplist Mary M i t t e l s t a e d t  unde r  t h e  d i r e c t i o n  
of r e s e a r c h  a s s i s t a n t  Karen Messenger.  
Task 2. Heat Flow and Tempera ture  G r a d i e n t  Survey  
S i x  d e e p  w e l l s  i n  s o u t h w e s t e r n  Nebraska were logged  by 
p e r s o n n e l  f r o m  Sou the rn  M e t h o d i s t  U n i v e r s i t y .  Tempera ture  d e p t h  logs 
and p l o t s  of t e m p e r a t u r e  vs. d e p t h  and g r a d i e n t  vs. d e p t h  were 
r e c o r d e d  for  t h e s e  w e l l s .  The w e l l s  w e r e  logged c o n t i n u o u s l y  and 
t h e  d a t a  were p r i n t e d  i n  h a l f - m e t e r  i n t e r v a l s .  S e v e r a l  i m p o r t a n t  
o b s e r v a t i o n s  were made from t h e  new d a t a .  The data from s o u t h w e s t e r n  
Nebraska v e r i f i e d  t h e  t e m p e r a t u r e s  t h a t  were p r o j e c t e d  f o r  t h e  
Dakota  Format ion  on t h e  basis of s h a l l o w  w e l l  h e a t  f l ow data.  
These  data a lso show t h a t  t h e  l o c a t i o n  of t h e  l i m i t  of t h e  low- 
t e m p e r a t u r e  geo the rma l  r e s o u r c e  area f o r  t h e  Dakota w a s  a c c u r a t e l y  
p r e d i c t e d .  Another  o b s e r v a t i o n  is t h a t  t h e  g r a d i e n t  vs. d e p t h  p l o t s  
45 
can be used to correlate some stratigraphic units on the basis 
of temperature gradient. 
the contrasting thermal conductivities in the units penetrated by 
the wells. 
gradient vs. depth plots seem to correlate between wells and may 
be due to inherent properties of certain lithologic units. Exo- 
thermic reactions such as the oxidation of sulfides in contact 
The correlation is possible because of 
A final observation is that certain "spikes" in the 
with drilling fluids is one possible explanation for the "spikes" 
in the curves. 
In addition to the wells in Southwestern Nebraska, the SMU 
crew also logged the Baker #l heat flow hole at Burton, in north- 
central Nebraska. 
lithologic units is about 107 mW m-2. 
within the well indicates that the Dakota Aquifer is not responsible 
for the high heat flow in the area. 
consideration as heat sources: 1) updip flow in weathered basement 
rocks or in gravels derived from the basement: or 2 )  high radio- 
active heat generation in the Precambrian basement. W. D. Gosnold 
and D. A. Eversoll submitted an abstract to the American Geophysical 
Union Fall Meeting on the results of the well log. 
The data show that the heat flow for  all 
The constant heat flow 
Two possibilities are under 
The University of Nebraska at Omaha field crew finished its 
field season with a total of about 50  wells logged. The new data 
a r c  being processed and should be available for analysis by October 
1982. 
Task 3 .  Data Translation Studies 
The information gathered from task 2 during this report period 
will be combined with all previously collected data to generate 
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programs that will define the relationship between the BHT 
inventory and the actual measured deep well temperatures. A 
paper by W. D. Gosnold titled "Geothermal Resource Maps and 
Bottom Hole Temperature Surveys" has been accepted by the Geothermal 
Resource Council for the October 1982 meeting. 
Task 4. Gravity Map 
The first rough draft gravity maps should be available by 
September-October 1982. The maps are being compiled by personnel 
from the University of Texas-Dallas with supervision from W. D. 
Gosnold. 
Task 5. Substate Region Investigations 
Work in this area during this report period consisted mainly 
in gathering and compiling data as outlined in tasks 1 through 4. 
These data will be combined into the final report to meet contractu,.. 
agreements. Papers presented at the various Geo-Science meetings 
have provided user-oriented information pertaining to the geothermal 
potential in certain areas within Nebraska. 
Task 6. Dissemination of Information 
The Nebraska team continues to work with state agencies and 
the general public having regional and site-specific geological/ 
geothermal requests relating to the geothermal potential within 
Nebraska. Specifically, information, comments, and technical 
advice have been provided to the State Energy Office in developing 
"Guidelines For The Nebraska Energy Office Geothermal Grant Program, 
1982-1983." 
(Appendix A ) .  
The Guidelines will be available by September 1982 
Task 7. State Geothermal Map 
The "Geothermal Resources of Nebraska" maps which were released 
in May 1982 are being distributed by the Conservation and Survey 
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Div i s ion ,  I n s t i t u t e  of Agriculture and Natural Resources, Univers i ty  
of Nebraska-Lincoln. 
Task 8 .  Reporting Requirements 
This  monthly report ,  along with  t h e  research papers,  report s ,  
and poster sessions presented throughout t h e  grant ,  c o n s i t u t e s  the  
reporting requirements of the  grant agreement. 
CHARLES TtiONE 
COVERHOH 
Bo. 95w5 
Lincoln. Nebraska 685OS-SO8S 
V.B. BALOK 
DIYClQ*  
GUIDELINES FOR THE NEBRASKA ENERGY OFFICE GEOTHERMAL GRANT PROGRAM, 1982 - 1983 
SEPTENBER 17, 1982 
Appendix 2-1 
Environmental Assessment 
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Appendix 2 - ? 
ENVIRONMENTAL ASSESSMENT 
TITLE 
Evaluation of the Geothermal Resources in Nebraska 
DESCRIPTION OF THE PROPOSED ACTION 
This proposed project consists of a test drilling and casing 
program to determine the strata underlying certain areas of 
Nebraska (see figure l), and to enable later geothermal investi- 
gations. 
holes to an average depth of 500-600 feet. 
be to a) 
measurements will be made at a later date by Conservation and 
Survey Division personnel or their affiliates, b) obtain high 
quality representative samples of the geological strata, c) 
provide test holes for the measurement of a variety of electrical 
characteristics of both the strata and their contained fluids. 
The test holes will be cased to the bottom of the test hole with 
one-inch (1.D.) standard weight black steel casing. The one- 
inch casing will extend a minimum of 3 feet above the natural 
ground level. 
The project includes the drilling and casing of 13 test 
The objectives will 
provide a one-inch steel cased hole thru which geothermal 
This series of test holes are being drilled and cased to 
serve as a monitoring data-base for  other subsidary information 
collected as part of an in-depth two year geothermal study of 
Nebraska. The project "An Evaluation of Geothermal Resources In 
Nebraska" is funded by Department of Energy (DOE) Contract No. 
DE-AS07-79ET27205. All test holes were located on private 
property and were drilled with permission from the landowners. The 
casing will be pulled or cut-off 3' below ground level at the end 
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FIGURE 1, 
LOCATIONS OF 1980 GEOTHERMAL DRILLING SITES 
of the project. 
DESCRIPTION OF THE EXISTING ENVIRONMENT 
The test holes in this proposed project occur in thirteen 
different areas of Nebraska and therefore a description of the 
existing environment for each proposed drilling site will be de- 
scribed. See figure l for general location of the thirteen sites. 
Figure 2 shows the Average Annual Temperatures for Nebraska. 
Site 1. Located on the Naper 7% minute topographic quad- 
rangle map in the NW NE sec. 25, T. 35N., R. 15W. The proposed 
site is in an unpopulated area that has been previously disturbed 
by farming methods. The site lies along the edges of Ponca Creek 
Valley. It is characterized by a continental subhumid climate 
with light rainfall (ave. 23"/yr.), cold winters, warm summers, and 
frequent changes in weather conditions. Ponca Creek drains part 
of a high plain remnant that has not been significantly modified 
by erosion. 
from overland runoff and very little from underground seepage. 
M o s t  of the drainage area cons i s t s  of exposed Cretaceous Age 
Pierre Shale, which has rapid runoff due to steep slopes and a 
very slow absorption rate. Soils in the valleys formed mainly in 
alluvial and colluvial material. The soil at this site is class- 
ified by the Soil Conservation Service as being Cass, which is a 
fine sandy loam with 0 to 2 percent slopes. 
The vegetation primarily consists of short to medium mixed 
The flow of Ponca Creek is derived almost entirely 
native prairie grasses. The fauna consists mainly of mule and 
whitetail deer, wild turkey, pheasant, bobwhite quail, eastern 
red squirrel, raccoon, opossum, and cottontail rabbit. Predators, 
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FIGURE 2, 
ANNUAL AVERAGE TEMPERATURE FOR PERIOD 1941-79 
P o i n t  data from C L I M A T O  Y OF THE U N I T E D  STATES NO. 81, 1973 Pr pared by K . A .  Messenger 
2/12/80 
s u c h  as hawks, owls, and c o y o t e s  also i n h a b i t  t h e  area. 
POTENTIAL ENVIRONMENTAL IMPACTS 
Construct ion:  T h i s  p roposed  p r o j e c t  occurs i n  an  area t h a t  
h a s  been  p r e v i o u s l y  d i s t u r b e d  by f a rming  methods.  The p r i m a r y  
o b J e c t i v e  o f  t h e  test d r i l l i n g  is t o  i n s t a l l  t h e  1" c a s e d  test  
h o l e  and w i l l  i n v o l v e  a p p r o x i m a t e l y  1000 s q .  f e e t  f o r  i n s t a l l a t i o n  
purposes .  
S i t e  Restoration: The h o l e  s h a l l  b e  s e a l e d  and p lugged  
around t h e  one- inch  casing w i t h  ben ton i t e  and c l a y  t y p e  c u t t i n g s  
from t h e  test h o l e ,  t o  s p e c i f i c a t i o n s  f u r n i s h e d  by t h e  C o n s e r v a t i o n  
and Survey  D i v i s i o n .  Excess d r i l l i n g  mud and c u t t i n g s  s h a l l  b e  
p r o p e r l y  d i s p o s e d  of and r e t e n t i o n  p i t s  removed or f i l l e d .  
s i te  s h a l l  be c l e a r e d  and as  n e a r l y  as p o s s i b l e  b e  r e s t o r e d  t o  
its o r i g i n a l  c o n d i t i o n .  
The 
Cumula t ive  and Long-term Env i ronmen ta l  E f f e c t s :  I t  is 
a n t i c i p a t e d  t h a t  t h i s  p roposed  p r o j e c t  w i l l  n o t  i n  i t s e l f  create 
or p roduce  any n e g a t i v e  env i ronmen ta l  e f f e c t s .  T h e r e  w i l l  be 
no s i g n i f i c a n t  i r r e t r i e v a b l e  commitments of n a t u r a l  r e s o u r c e s  
i n v o l v e d  i n  t h i s  p r o j e c t .  
COORDINATION W I T H  FEDERAL, STATE, REGIONAL, OR LOCAL PLANS 
A l l  F e d e r a l ,  s ta te  and local laws, o r d i n a n c e s ,  p l a n s  or 
r egu la t ions  i n  any manner affect ing t h i s  p r o j e c t  s h a l l  b e  a t  
a l l  t i m e s  obse rved  and compl ied .  N o  test  h o l e  d r i l l i n g  p e r m i t s  
were r e q u i r e d  f o r  t h i s  p roposed  p r o j e c t .  
ANTICIPATED BENEFITS AND ALTERNATIVES 
B e n e f i t s :  The comple t ion  of t h i s  p r o j e c t  w i l l  p r o v i d e  i n f o r -  
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mation of potent ia l  geothermal c h a r a c t e r i s t i c s  and any application 
v a l u e s  t h a t  may be a v a i l a b l e  fo r  t h i s  area. 
A l t e r n a t i v e s :  There are t w o  a l t e r n a t i v e s  for t h i s  project .  
1) Not t o  implement t h i s  proposal which would r e s u l t  i n  l e a v i n g  
t h e  p o t e n t i a l  for geothermal a p p l i c a t i o n  i n  ques t ion  and 2)  Move 
t h i s  proposed s i te  t o  ano the r  less d e s i r a b l e  l o c a t i o n .  Such 
a l t e r n a t i v e s  could be implemented bu t  t hey  would not  be as amend- 
able and cost e f f e c t i v e  as t h e  proposed sites. The sites chosen 
seem t o  be t h e  most sui table  and economical s o l u t i o n  t o  t h e  
proposal i n  t h e  opin ion  of t h e  researchers and landowners. 
S i t e  2. Located on t h e  Springview NW 7& minute topographic 
quad map i n  t h e  SW NW of sec. 32 T. 35N., R .  20W. The proposed 
s i t e  is i n  an unpopulated r u r a l  farm and ranch  area. The proposed 
s i te  l ies  i n  t h e  Halt Creek v a l l e y .  The s i te  is characterized 
by a c o n t i n e n t a l  subhumid climate w i t h  f a i r l y  high summer and 
moderate t o  l o w  win te r  temperatures .  The average annual temper- 
a t u r e  is approximately 47' F (period 1941-70). 
is about 18 i nches  per  year .  H o l t  Creek a t r i b u t a r y  t o  t h e  Keya 
Paha R ive r ,  is entrenched i n  t h e  under ly ing  Cretaceous Age Pierre 
Shale and i n  t h i s  area is a permanent stream. The s o i l  a t  t h e  
s i te  is classified by t h e  S.C.S. as Boyd, which is  a f i n e  s i l t y  
loam t h a t  ranges  from n e a r l y  l e v e l  t o  s l i g h t l y  s lop ing .  
The average r a i n f a l l  
The n a t i v e  v e g e t a t i o n  is predominantly grasses, such as 
l i t t l e  bluestem, grama, b u f f a l o  grass and wheatgrass however, 
a t  t he  s i te  t h e  area is under c u l t i v a t i o n .  In some adjacent areas 
a t h i n  n a t i v e  t ree  popula t ion  e x i s t s  which could inc lude  e l m ,  
a sh ,  b u r r  oak, hackberry,  boxelder ,  cottonwood and w i l l o w s .  The 
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fauna c o n s i s t s  of mule and w h i t e t a i l  deer, raccoon, pheasan t ,  
g rouse ,  q u a i l ,  red s q u i r r e l ,  c o t t o n t a i l  rabbi t s ,  coyote, hawks, 
owls and some species of songbi rds .  
POTENTIAL ENVIRONMENTAL IMPACTS 
Cons t ruc t ion :  T h i s  proposed project occur s  i n  an  area t h a t  
has been p rev ious ly  d i s t u r b e d  by f a rming  methods. The p r i m a r y  
o b j e c t i v e  of t h e  tes t  d r i l l i n g  is t o  i n s t a l l  t h e  1" cased test  
hole  and w i l l  i nvo lve  approximately 1000 sq. feet  for  i n s t a l l -  
a t i o n  purposes .  
S i t e  Res to ra t ion :  The hole s h a l l  be sealed and plugged 
around t h e  one-inch c a s i n g  w i t h  c l a y  t y p e  c u t t i n g s  from t h e  test  
hole, t o  s p e c i f i c a t i o n s  fu rn i shed  by t h e  Conservat ion and Survey 
Div is ion .  Excess d r i l l i n g  mud and c u t t i n g s  s h a l l  be properly 
disposed of and r e t e n t i o n  p i t s  removed or  f i l l e d .  The s i t e  s h a l l  
be  cleared and as n e a r l y  as possible be restored t o  its o r i g i n a l  
cond i t ion .  
Cummulative and Long-Term Environmental Effects :  I t  is 
a n t i c i p a t e d  t h a t  t h i s  proposed project w i l l  n o t  i n  itself create 
o r  produce any nega t ive  environmental  effects. There w i l l  be no 
s i g n i f i c a n t  i r r e t r i e v a b l e  commitments of n a t u r a l  r e s o u r c e s  
involved i n  t h i s  project. 
COORDINATION WITH FEDERAL, STATE, REGIONAL, OR LOCAL PLANS 
A l l  Fede ra l ,  s ta te  and local l a w s ,  o rd inances ,  p l a n s  or 
r e g u l a t i o n s  i n  any manner a f f e c t i n g  t h i s  project  s h a l l  be a t  a l l  
times observed and complied. No test h o l e  d r i l l i n g  permits were 
r e q u i r e d  for  t h i s  proposed project. 
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ANTICIPATED BENEFITS AND ALTERNATIVES 
B e n e f i t s :  The completion of t h i s  project w i l l  p rovide  
informat ion  of p o t e n t i a l  geothermal characteristics and any 
a p p l i c a t i o n  v a l u e s  t ha t  may be a v a i l a b l e  for  t h i s  area. 
A l t e r n a t i v e s :  There are two a l t e r n a t i v e s  for t h i s  p r o j e c t .  
1) N o t  t o  implement t h i s  proposal which would r e s u l t  i n  l eav ing  
t h e  po ten t ia l  for geothermal a p p l i c a t i o n  i n  ques t ion  and 2 )  Move 
t h i s  proposed s i t e  t o  another  less desirable l o c a t i o n .  Such 
a l t e r n a t i v e s  could be implemented bu t  t hey  would not  be a s  
amendable and cost e f f e c t i v e  as  t h e  proposed sites. The sites 
chosen seem t o  be t h e  most s u i t a b l e  and economical s o l u t i o n  t o  
t h e  proposal in t h e  opinion of t h e  researchers and landowners .  
S i t e  3. Located i n  Cherry County Nebraska on t h e  Sparks 
15 minute topographic quadrangle  map i n  t h e  SE SE sec. 28 T .  3 4 N . ,  
R. 27W. The proposed s i t e  is three m i l e s  east of Va len t ine  
Nebraska i n  n o r t h c e n t r a l  part  of t h e  s ta te .  The s i t e  l i e s  in t h e  
v a l l e y  of t h e  Niobrara River  approximately 45 feet above water 
l e v e l .  I t  is a d j a c e n t  t o  a r u r a l  r e s i d e n c e  i n  an area t h a t  is 
c u r r e n t l y  under c u l t i v a t i o n .  The s i t e  is c h a r a c t e r i z e d  by a 
c o n t i n e n t a l  climate w i t h  extremes of t empera ture  and a marked 
seasona l  v a r i a t i o n  i n  r a i n f a l l  (average 18.23 i nches  per year). 
The Niobrara is a swif t - f lowing stream t h a t  is entrenched about 
150-180 feet i n t o  t h e  surrounding area. The flow is f a i r l y  even 
and c o n s i s t s  of clear water as t h e  volume v a r i e s  very l i t t l e  
thru-out  t he  year. Most of t h e  d ra inage  area c o n s i s t s  of sandy 
s o i l s  and t h e r e  is l i t t l e  run-off .  Most of t h e  prec ip i ta t ion  is  
absorbed i n t o  t h e  ground and e v e n t u a l l y  becomes u n i t e d  w i t h  t h e  
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groundwater. The Niobrara c u t s  i n t o  T e r t i a r y  aged Whi t e  River 
Group s i l t s t o n e s ,  claystones,  silts and f i n e  grained sands tones .  
S o i l s  i n  t he  v a l l e y  formed most ly  on a l l u v i a l  and c o l l u v i a l  
materials. The s o i l  a t  s i te  3 is classified as Elsmer-Loup-Sarpy 
a loamy f i n e  sand,  by t h e  S o i l  Conservat ion Se rv ice .  
The v e g e t a t i o n  is dominated by grasses w i t h  some t rees  i n  
and a long  t h e  sides of t h e  v a l l e y s .  Most of t h e  grasses cons i s t  
of prair ie  grasses, wh i l e  there e x i s t  both deciduous and con i f e r  
trees a t  t h e  d r i l l i n g  site. The w i l d l i f e  r anges  from m u l e t a i l e d  
deer, an te lope ,  coyotes, small fu r -bea re r s  ( raccoon,  skunk, mink 
and muskra ts ) ,  rabbi ts ,  ground s q u i r r e l ,  t o  smal l  r o d e n t s  (mice). 
Many d i f f e r e n t  t y p e s  of song b i rds  (meadowlark, l a r k  sparrow, 
morning dove) ,  upland game b i rds  (prair ie  ch icken ,  grouse)  and 
predators (hawks, owls) are found in t h e  area. 
POTENTIAL ENVIRONldENTAL IMPACTS 
Const ruc t ion :  T h i s  proposed project occur s  i n  an area t h a t  
has  been p rev ious ly  d i s t u r b e d  by farming methods. The pr imary  
o b j e c t i v e  of t h e  test d r i l l i n g  is t o  i n s t a l l  the 1" cased t e s t  
hole and w i l l  i nvo lve  approximately 1000 sq. feet  fo r  i n s t a l l a t i o n  
purposes.  
S i t e  Res to ra t ion :  The hole sha l l  be sealed and plugged 
around t h e  one-inch c a s i n g  w i t h  b e n t o n i t e  and c l a y  type  c u t t i n g s  
from t h e  test hole, t o  specifications fu rn i shed  by t h e  Conservat ion 
and Survey Div i s ion .  Excess d r i l l i n g  mud and c u t t i n g s  s h a l l  be 
p rope r ly  d isposed  of and r e t e n t i o n  p i t s  removed or  f i l l e d .  The 
s i t e  sha l l  be cleared and as n e a r l y  as p o s s i b l e  be restored t o  i t s  
o r i g i n a l  cond i t ion .  
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Cumulative and Long-term Environmental E f fec t s :  I t  is 
a n t i c i p a t e d  t h a t  t h i s  proposed project w i l l  not  i n  itself create 
or produce any nega t ive  environmental  effects. There w i l l  be no 
s i g n i f i c a n t  i r r e t r i e v a b l e  commitments of n a t u r a l  r e s o u r c e s  
involved i n  t h i s  project. 
COORDINATION WITH FEDERAL, STATE, REGIONAL, OR LOCAL PLANS 
A l l  Federal, s ta te  and local  l a w s ,  o rd inances ,  p l a n s  or  
r e g u l a t i o n s  i n  any manner a f f e c t i n g  t h i s  project s h a l l  be a t  a l l  
times observed and complied. 
for  t h i s  proposed project.  
No d r i l l i n g  permits were requ i r ed  
ANTICIPATED BENEFITS AND ALTERNATIVES 
B e n e f i t s :  The completion of t h i s  project w i l l  p rovide  
informat ion  of p o t e n t i a l  geothermal characteristics and any 
a p p l i c a t i o n  va lues  t h a t  may be a v a i l a b l e  f o r  t h i s  area. 
A l t e r n a t i v e s :  The re  are t w o  a l t e r n a t i v e s  fo r  t h i s  project. 
N o t  t o  implement t h i s  proposal which would r e s u l t  i n  l eav ing  1) 
t h e  p o t e n t i a l  f o r  geothermal a p p l i c a t i o n  i n  ques t ion  and 2 )  
t h i s  proposed s i t e  t o  another  less desirable loca t ion .  
a l t e r n a t i v e s  could be implemented bu t  t h e y  would n o t  be as  amend- 
able and cost e f f e c t i v e  as t h e  proposed sites. 
seem t o  be t h e  most s u i t a b l e  and economical s o l u t i o n  t o  t h e  
proposal, i n  t h e  opin ion  of t h e  researchers and landowners. 
S i t e  4 .  Located in H o l t  County Nebraska on  t h e  O ' N e i l l  74 
Move 
Such 
The s i tes  chosen 
minute topographic quad map i n  t h e  NW NW sec. 6 ,  T .  28N., R .  11W. 
The proposed s i t e  is 14 m i l e s  sou th  of O ' N e i l l ,  Nebraska i n  t h e  
n o r t h e a s t e r n  par t  of t h e  state.  S i t e  #4 is  located along t h e  
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southern  edge of t h e  Elkhorn River  Val ley  about 1 0  feet above 
t h e  water l e v e l .  I t  is s i t u a t e d  i n  a-grZ66ed area next  t o  a r u r a l  
r e s idence .  
The s i te  is characterized by a climate t h a t  is c o n t i n e n t a l  
and is subjected t o  a wide v a r i a t i o n  in w i n t e r  and summer temper- 
a t u r e .  I t  is w e l l  s u i t e d  for farming of small g r a i n s .  The 
average  r a i n f a l l  is 21.43"according t o  o f f i c i a l  r e c o r d s  of t h e  
United S t a t e s  Weather Bureau. 
The topography a t  t h i s  s i t e  is f a i r l y  f l a t  w i t h  f a i r  t o  poor 
d ra inage .  The proposed hole  is located on a r i v e r  terrace. The 
Elkhorn River  is a slow f lowing r i v e r  w i t h  many "oxbows" and d r y  
older p a r t i a l l y  s i l t e d - i n  channels .  The S o i l  Conservat ion S e r v i c e  
classifies t h e  s o i l s  a t  t h i s  s i t e  as Cass, a loamy f i n e  sand .  
The v e g e t a t i o n  p r i m a r i l y  c o n s i s t s  of grasses, such a s  b ig  
bluestem and needlegrass, a l though d i r e c t l y  a t  t h e  s i t e  seeded 
lawn-type grasses p r e v a i l .  The w i l d l i f e  a t  t h i s  p a r t i c u l a r  s i t e  
is r e s t r i c t e d  because of t h e  close proximity t o  t h e  r u r a l  residence. 
However coyote ,  badger,  r a b b i t ,  raccoon, skunk, mice etc .  are  
found i n  t h e  area, a long  w i t h  t h e  usua l  predators,  such as  hawks 
and owls. 
POTENTIAL ENVIRONMENTAL IMPACTS 
Cons t ruc t ion :  T h i s  proposed project occur s  i n  an area t h a t  
has been p rev ious ly  d i s t u r b e d  by farming methods. The  pr imary  
o b j e c t i v e  of t h e  test d r i l l i n g  is t o  i n s t a l l  t h e  1" cased test 
hole and w i l l  involve  approximately 1000 sq. feet  for  i n s t a l l a t i o n  
purposes.  
S i t e  Restoration: The hole s h a l l  be sealed and plugged 
b l  
around t h e  one-inch c a s i n g  w i t h  b e n t o n i t e  and c lay t y p e  c u t t i n g s  
from t h e  test  hole,  t o  s p e c i f i c a t i o n s  fu rn i shed  by t h e  Conservat ion 
and Survey Div i s ion .  Excess d r i l l i n g  mud and c u t t i n g s  s h a l l  be 
p rope r ly  disposed of and r e t e n t i o n  p i t s  removed o r  f i l l e d .  The 
s i t e  sha l l  be cleared and as  n e a r l y  as possible be restored t o  
i ts  o r i g i n a l  cond i t ion .  
Cumulative and Long-term Environmental E f f e c t s :  I t  is 
a n t i c i p a t e d  t ha t  t h i s  proposed project w i l l  n o t  i n  itself create 
or  produce any n e g a t i v e  environmental  effects. The re  w i l l  be no 
s i g n i f i c a n t  i r r e t r i e v a b l e  commitments of n a t u r a l  r e sources  
involved i n  t h i s  project .  
COORDINATION WITH FEDERAL, STATE, REGIONAL, OR LOCAL PLANS 
A l l  Fede ra l ,  s ta te  and local laws, o rd inances ,  p l a n s  o r  
r e g u l a t i o n s  i n  any manner affect ing t h i s  project sha l l  be a t  a l l  
t i m e s  observed and complied. N o  test hole  d r i l l i n g  permi ts  were 
r e q u i r e d  f o r  t h i s  proposed project. 
ANTICIPATED BENEFITS AND ALTERNATIVES 
B e n e f i t s :  The completion of t h i s  project w i l l  p rovide  
informat ion  of p o t e n t i a l  geothermal characterist ics and any  
a p p l i c a t i o n  v a l u e s  t h a t  may be a v a i l a b l e  f o r  t h i s  area. 
A l t e r n a t i v e s :  There are t w o  a l t e r n a t i v e s  for t h i s  project .  
1) N o t  t o  implement t h i s  proposal which would r e s u l t  i n  l eav ing  
t h e  po ten t ia l  for geothermal application i n  ques t ion  and 2 )  
Move t h i s  proposed s i te  t o  another  less desirable location. Such 
a l t e r n a t i v e s  could be implemented bu t  t hey  would not be as amend- 
able and cost e f f e c t i v e  as t h e  proposed si tes.  The s i tes  chosen 
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seem t o  be the  most s u i t a b l e  and economical s o l u t i o n  t o  t h e  
proposal, i n  t h e  opin ion  of t h e  researchers and landowner. 
S i t e  5 .  Located i n  Wayne County, Nebraska on t h e  Wayne 7& 
minute topographic quadrangle  map i n  t h e  SW NE sec. 14, T .  26N., 
R. 3E., The proposed s i t e  is m i l e  sou th  and 14 m i l e  w e s t  of 
Wayne, Nebraska along t h e  n o r t h  side of South Logan Creek and 
Deer Creek V a l l e y s .  The  surrounding area is p r e s e n t l y  under 
c u l t i v a t i o n  f o r  t h e  growing of g r a i n  crops. The  proposed d r i l l  
s i t e  is about 30-40 feet above t h e  creek l e v e l  on a south-south- 
w e s t  f a c i n g  h i l l s i d e  on t h e  end of a windbreak p l an ted  w i t h  
v a r i o u s  types  of trees. 
The climate of t h i s  area is c o n t i n e n t a l  w i t h  w a r m  summers 
and cold w i n t e r s  (annual  average tempera ture  is approximately 
49' F ) .  The r a i n f a l l  is classed as moderate w i t h  a y e a r l y  
average  of 2 5 . 9  inches.  The  tempera ture  and r a i n f a l l  is h i g h l y  
v a r i a b l e  from day t o  day and season t o  season. The area surround- 
i n g  s i te  #5  is characterized by long s lopes,  and r o l l i n g  hills. 
South Logan Creek has  a l o w  g r a d i e n t  w i t h  a f a i r l y  narrow 
v a l l e y  upstream from t h e  s i te .  I t  converges w i t h  Deer Creek 
approximately th ree - fou r ths  of a m i l e  east of t h e  d r i l l  s i t e .  
The t w o  creeks share t h e  same v a l l e y  which is about 1 m i l e  w i d e .  
The s u r f i c i a l  deposits i n  t h i s  area are m o s t l y  P l e i s t o c e n e  aged 
glacial  materials (till etc.) .  Runoff is therefore f a i r l y  fast  
i n  t h i s  area and coupled w i t h  t h e  large thunderstorms t h a t  occur  
as downpours in s h o r t  periods of t i m e ,  produce a great deal of 
e r o s i o n  i n  unpro tec ted  areas. The s o i l s  a t  t h i s  s i t e  are class- 
i f i e d  by t h e  S o i l  Conservat ion S e r v i c e  a s  Judsen silt loam, w i t h  
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2 t o  7 percent  slopes. T h i s  so i l  is on stream terraces and foot  
slopes a t  t h e  base of upland s o i l s .  
The v e g e t a t i o n  a t  t h e  s i t e  is restricted t o  g r a i n  cropland 
w i t h  some grasses developed i n  t h e  p a s t u r e s  and a long  t h e  road- 
sides. 
t o  t h e  important  grasses, such as bluestem, switchgrass  and 
ind iangras s .  The w i l d l i f e  normally found nearby inc ludes ,  some 
whi te - ta i led  deer, coyotes, badgers, raccoons,  skunks,  pheasant ,  
q u a i l ,  red s q u i r r e l  and c o t t o n t a i l  r abb i t .  The predators inc lude  
t h e  hawks and o w l s  w i t h  many d i f f e r e n t  species of song b i r d s  i n  
t h e  area. 
O t h e r  v e g e t a t i o n  found nearby ranges  from deciduous trees 
POTENTIAL ENVIRONMENTAL IMPACTS 
Cons t ruc t ion :  T h i s  proposed project occur s  in a n  area t h a t  
has  been p rev ious ly  d i s t u r b e d  by farming methods. The  primary 
o b j e c t i v e  of t h e  test d r i l l i n g  is t o  i n s t a l l  t h e  1" cased test  
hole and w i l l  i nvo lve  approximately 1000 sq. feet for  i n s t a l l a t i o n  
purposes .  
S i t e  R e s t o r a t i o n :  The hole sha l l  be sealed and plugged 
around t h e  one-inch c a s i n g  w i t h  c l a y  type  c u t t i n g s  from t h e  test  
hole, t o  s p e c i f i c a t i o n s  fu rn i shed  by t h e  Conservat ion and Survey 
Div is ion .  
disposed of and r e t e n t i o n  p i t s  removed o r  f i l l e d .  The s i te  s h a l l  
be cleared and as n e a r l y  as possible be restored t o  its o r i g i n a l  
cond i t ion .  
Excess d r i l l i n g  mud and c u t t i n g s  s h a l l  be properly 
Cumulative and Long-term Environmental E f fec t s :  I t  is 
a n t i c i p a t e d  t h a t  t h i s  proposed project w i l l  not  in itself create 
or produce any nega t ive  environmental  effects. There w i l l  be no 
64 
s i g n i f i c a n t  i r r e t r i e v a b l e  commitments of n a t u r a l  r e s o u r c e s  
invo lved  i n  t h i s  p r o j e c t .  
COORDINATION W I T H  FEDERAL, STATE, REGIONAL, OR LOCAL PLANS 
A l l  F e d e r a l ,  s ta te  and local l a w s ,  o r d i n a n c e s ,  p l a n s  o r  
regula t ions  in any manner a f f e c t i n g  t h i s  p r o j e c t  s h a l l  be a t  
a l l  t i m e s  obse rved  and compl ied .  N o  tes t  h o l e  d r i l l i n g  p e r m i t s  
were r e q u i r e d  fo r  t h i s  proposed  p r o j e c t .  
ANTICIPATED BENEFITS AND ALTERNATIVES 
B e n e f i t s :  The comple t ion  of t h i s  p r o j e c t  w i l l  p r o v i d e  
i n f o r m a t i o n  of  p o t e n t i a l  geo the rma l  c h a r a c t e r i s t i c s  and any 
a p p l i c a t i o n  v a l u e s  t h a t  may be a v a i l a b l e  f o r  t h i s  area. 
A l t e r n a t i v e s :  T h e r e  are t w o  a l t e r n a t i v e s  f o r  t h i s  p r o j e c t .  
1) N o t  t o  implement t h i s  p r o p o s a l  which would r e s u l t  i n  l e a v i n g  
t h e  p o t e n t i a l  f o r  geo the rma l  a p p l i c a t i o n  i n  q u e s t i o n  and 2 )  Move 
t h i s  proposed  s i te  t o  a n o t h e r  less d e s i r a b l e  l o c a t i o n .  Such 
a l t e r n a t i v e s  could b e  implemented but t h e y  would n o t  be as 
amendable and cost e f f e c t i v e  as t h e  proposed sites. The s i t e s  
chosen  seem to be t h e  m o s t  su i table  and economical  s o l u t i o n  t o  
t h e  proposal,  i n  t h e  o p i n i o n  of t h e  r e s e a r c h e r s  and landowners .  
S i t e  6. Loca ted  i n  Burt  County,  Nebraska on t h e  Oakland 7a 
minu te  t o p o g r a p h i c  quadang le  map i n  t h e  NW of  sec. 6 ,  T.  21N., 
R .  9E. The s i t e  is approx ima te ly  4 m i l e  east ,a m i l e  s o u t h  of  
Oakland,  Nebraska i n  a r u r a l  fa rming  area. The climate is g e n e r a l l y  
t e m p e r a t e  w i t h  h o t ,  s u l t r y  summers and c o l d  r a t h e r  s e v e r e  w i n t e r s .  
The average annual t e m p e r a t u r e  is approx ima te ly  50' F ,  t h e  a v e r a g e  
r a i n f a l l  is 30.64 i n c h e s  p e r  y e a r  a c c o r d i n g  t o  U . S .  Weather 
Bureau r e c o r d s .  
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The proposed d r i l l i n g  s i t e  is located on t h e  east side of 
Logan Creek Va l l ey  about 130 feet above t h e  bottom of Logan 
Creek. S u r f i c i a l  deposits are c l a y s ,  silts and sands  of g lac ia l  
o r i g i n  t h a t  o v e r l i e  Cretaceous age Dakota sandstone.  S o i l  a t  t h e  
s i te  is classif ied as Marshall silt  loam by t h e  Soi l  Conservat ion 
Se rv ice .  Typica l  Marshall topography is undula t ing  t o  r o l l i n g ,  
being i r r e g u l a r  i n  those areas ad jacen t  t o  t h e  major streams. 
Drainage i n  t h e  area is good w i t h  some problems associated w i t h  
e ros ion  of t h e  exposed areas. 
The n a t i v e  v e g e t a t i o n  was p r a i r i e  grasses w i t h  trees i n  and. 
Farming has  replaced t h e  grasses w i t h  a long t h e  d ra inage  areas. 
g r a i n  crops and a ma jo r i ty  of t h e  n a t i v e  trees were c u t  i n  t h e  
e a r l y  1900's. Farm o p e r a t i o n s  have diminished t h e  w i l d l i f e  a t  
t h i s  proposed s i t e .  However, coyote, raccoon, pheasant ,  q u a i l ,  
r abb i t ,  eastern red s q u i r r e l ,  hawks, o w l s  and some species of 
song b i r d s  may i n h a b i t  t h e  ad jacen t  areas. 
POTENTIAL ENVIRONMEfiTAL IMPACTS 
Cons t ruc t ion :  T h i s  proposed project occur s  i n  an  area t h a t  
has been p rev ious ly  d i s t u r b e d  by farming methods. The primary 
o b j e c t i v e  of t h e  test  d r i l l i n g  is  t o  i n s t a l l  t h e  1" cased test 
hole and w i l l  involve  approximately 1000 sq. feet f o r  i n s t a l l a t i o n  
purposes .  
S i t e  Res to ra t ion :  The hole s h a l l  be sealed and plugged 
around t h e  one-inch cas ing  w i t h  b e n t o n i t e  and c l a y  type  c u t t i n g s  
from t h e  test hole, t o  s p e c i f i c a t i o n s  fu rn i shed  by t h e  Conservat ion 
and Survey Div is ion .  Excess d r i l l i n g  mud and c u t t i n g s  s h a l l  be 
properly disposed of and r e t e n t i o n  p i t s  removed or  f i l l e d .  The 
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s i t e  s h a l l  be cleared and as  nea r ly  as p o s s i b l e  be restored t o  
its o r i g i n a l  cond i t ion .  
Cumulative and Long-term Environmental E f fec t s :  I t  is 
a n t i c i p a t e d  t h a t  t h i s  proposed p r o j e c t  w i l l  not  i n  i t se l f  create 
or produce any nega t ive  environmental  effects. The re  w i l l  be no 
s i g n i f i c a n t  i r r e t r i e v a b l e  commitments of n a t u r a l  r e sources  
involved i n  t h i s  project .  
COORDINATION WITH FEDERAL, STATE, REGIONAL, OR LOCAL PLANS 
A l l  Federal, s t a t e  and local l a w s ,  o rd inances ,  p l ans  or 
r e g u l a t i o n s  i n  any manner a f f e c t i n g  t h i s  project s h a l l  be a t  
a l l  t i m e s  observed and complied. 
were r e q u i r e d  for t h i s  proposed project. 
N o  tes t  hole  d r i l l i n g  permits 
ANTICIPATED BENEFITS AND ALTERNATIVES 
B e n e f i t s :  The completion of t h i s  p r o j e c t  w i l l  p rovide  
informat ion  of p o t e n t i a l  geothermal c h a r a c t e r i s t i c s  and any 
a p p l i c a t i o n  v a l u e s  t h a t  may be a v a i l a b l e  f o r  t h i s  area. 
A l t e r n a t i v e s :  There are t w o  a l t e r n a t i v e s  f o r  t h i s  p r o j e c t .  
1) N o t  t o  implement t h i s  proposal which would r e s u l t  in l eav ing  
t h e  p o t e n t i a l  for  geothermal a p p l i c a t i o n  in ques t ion  and 2 )  Move 
t h i s  proposed s i t e  t o  another  less desirable l o c a t i o n .  Such 
a l t e r n a t i v e s  could be implemented bu t  t h e y  would n o t  be as 
amendable and cost e f f e c t i v e  as t h e  proposed sites. The  s i tes  
chosen seem t o  be t h e  most s u i t a b l e  and economical s o l u t i o n  t o  
t h e  proposal, i n  t h e  opin ion  of t h e  researchers and landowners. 
S i t e  7. Located i n  Dodge County, Nebraska on t h e  Fremont 
West 73 minute topographic quadrange map i n  t h e  NW sec. 32, T .  18N., 
6 7  
R .  8E .  I t  is 4 miles n o r t h  and 3 miles w e s t  of Fremont,  Nebraska 
i n  a r u r a l  f a rming  area. The coun ty  h a s  a c o n t i n e n t a l  climate 
w i t h  h o t  summers, c o l d  w i n t e r s  and modera te  r a i n f a l l .  The a v e r a g e  
y e a r l y  p r e c i p i t a t i o n  Ts 31.1 i n c h e s  w h i l e  t h e  a n n u a l  a v e r a g e  
t e m p e r a t u r e  is approx ima te ly  50' t o  51' F. 
The proposed  d r i l l i n g  s i t e  is l o c a t e d  on t h e  n o r t h  s i d e  of 
t h e  P l a t t e  R i v e r  V a l l e y  abou t  10  f e e t  above t h e  v a l l e y  f l o o r ,  
i n  a farm p a s t u r e .  The v a l l e y  a t  t h i s  s i t e  is 4 t o  5 m i l e s  wide .  
Depth t o  groundwater  r a n g e s  from 10  t o  15 f e e t .  S u r f i c i a l  d e p o s i t s  
are  a l l u v i a l  silts and s a n d s  t h a t  m a n t l e  p o s s i b l e  g l a c i a l  d e p o s i t s .  
Bedrock i n  t h i s  area is Cretaceous age  Dakota s a n d s t o n e s  and 
s h a l e s  which unconformably o v e r l i e s  l imestone, s h a l e s  and 
s a n d s t o n e s  of Pennsy lvan ian  age. S o i l s  a t  t h e  s i t e  are c l a s s i f i e d  
by t h e  S o i l  C o n s e r v a t i o n  S e r v i c e  as  Judson  silt loam 
6 p e r c e n t  s l o p e s .  I t  is  c h a r a c t e r i z e d  a s  b e i n g  well d r a i n e d  
on c o l l u v i a l - a l l u v i a l  f o o t  s l o p e s .  
w i t h  2 t o  
P r a i r i e  g r a s s e s  i n  t h e  v a l l e y s  and u p l a n d s  and trees m o s t l y  
a l o n g  t h e  d r a i n a g e  areas were n a t i v e  t o  t h i s  p a r t  o f  Nebraska.  
However f a rming  methods have  wiped o u t  a m a j o r i t y  of  t h e  g r a s s e s  
and trees. Smal l  g r a i n  c r o p s  a l f a l f a  and w i l d  hay are now found 
on a m a j o r i t y  p a r t  o f  t h e  l a n d .  The w i l d l i f e  i n  t h e  area r a n g e s  
from song b i r d s  (meadowlark,  dove ,  s w a l l o w  e t c . )  t o  c o y o t e s ,  
r a b b i t s ,  skunks ,  r accoon  and r e d  s q u i r r e l  w i t h  some p r e d a t o r s  
such  as  owls and hawks. Smal l  r o d e n t s ,  such  as ground s q u i r r e l s ,  
mice and moles a re  commonly found i n  t h e  area. 
POTENTIAL ENVIRONMENTAL IMPACTS 
C o n s t r u c t i o n :  T h i s  proposed  p r o j e c t  o c c u r s  i n  an  area t h a t  
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has  been p rev ious ly  d i s t u r b e d  by farming methods. The primary 
o b j e c t i v e  of t h e  test d r i l l i n g  is  t o  i n s t a l l  t h e  1" cased test 
h o l e  and w i l l  involve  approximately 1000 sq. f e e t  f o r  i n s t a l l a t i o n  
purposes.  
S i t e  R e s t o r a t i o n :  The ho le  s h a l l  be s e a l e d  and plugged 
around t h e  one-inch c a s i n g  wi th  b e n t o n i t e  and c l a y  type  c u t t i n g s  
from t h e  test h o l e ,  t o  s p e c i f i c a t i o n s  fu rn i shed  b y  t h e  Conservat ion 
and Survey Div i s ion .  Excess d r i l l i n g  mud and c u t t i n g s  s h a l l  be  
p rope r ly  d isposed  of and r e t e n t i o n  p i t s  removed or  f i l l e d .  The 
s i t e  s h a l l  be c l e a r e d  and a s  n e a r l y  as p o s s i b l e  be  r e s t o r e d  t o  
its o r i g i n a l  cond i t ion .  
Cumulative and Long-term Environmental E f f e c t s :  I t  is 
a n t i c i p a t e d  t h a t  t h i s  proposed p r o j e c t  w i l l  n o t  i n  i t se l f  create  
or  produce any nega t ive  environmental  e f f e c t s .  There w i l l  be  
no s i g n i f i c a n t  i r r e t r i e v a b l e  commitments of  n a t u r a l  r e s o u r c e s  
involved i n  t h i s  p r o j e c t .  
COORDINATION WITH FEDERAL, STATE, REGIONAL, OR LOCAL PLANS 
A l l  Fede ra l ,  s ta te  and local l a w s ,  o rd inances ,  p l a n s  o r  
r e g u l a t i o n s  i n  any manner a f f e c t i n g  t h i s  p r o j e c t  s h a l l  be a t  a l l  
t i m e s  observed and complied. N o  test h o l e  d r i l l i n g  pe rmi t s  were 
requ i r ed  for t h i s  proposed p r o j e c t .  
ANTICIPATED BENEFITS AND ALTERNATIVES 
B e n e f i t s :  The completion of t h i s  p r o j e c t  w i l l  p rovide  
informat ion  of p o t e n t i a l  geothermal c h a r a c t e r i s t i c s  and a n y  
a p p l i c a t i o n  v a l u e s  t h a t  may be a v a i l a b l e  f o r  t h i s  area. 
A l t e r n a t i v e s :  There are t w o  a l t e r n a t i v e s  f o r  t h i s  p r o j e c t .  
1) N o t  t o  implement t h i s  proposal  which would r e s u l t  i n  l eav ing  
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t h e  p o t e n t i a l  f o r  geothermal a p p l i c a t i o n  i n  ques t ion  and 2)  Move 
t h i s  proposed s i t e  t o  another  less desirable l o c a t i o n .  Such 
a l t e r n a t i v e s  could be implemented but  t hey  would n o t  be as  
amendable and cost e f f e c t i v e  as t h e  proposed sites. The  si tes 
chosen seem t o  be t h e  most s u i t a b l e  and economical s o l u t i o n  t o  
t h e  proposal, i n  t h e  opin ion  of t h e  r e s e a r c h e r s  and landowners. 
S i t e  8. Located in Lancaster  County, Nebraska on t h e  
Bennett  74 minute topographic quadrangle map i n  t h e  SE SW s e c .  22, 
T. 8 N . ,  R .  8E.  The  test ho le  is 3 miles sou th  and 3 m i l e  w e s t  of 
B e n n e t t ,  Nebraska i n  a r u r a l  farming area on a n  abandoned farm- 
stead. Lancas te r  County is cold i n  w in te r  and is q u i t e  hot  w i t h  
occasional cool s p e l l s  i n  summer. The average y e a r l y  p r e c i p i t a t i o n  
is 22 i nches  and t h e  annual average temperature  is approximately 
50' t o  52' F. 
The test  h o l e  s i t e  is  located in an upland area on t h e  west 
side of a small d ra inage  v a l l e y  t h a t  d r a i n s  t o  t h e  n o r t h  e v e n t u a l l y  
running i n t o  t h e  L i t t l e  Nemaha River  t w o  m i l e s  n o r t h  of t h e  s i t e .  
The relief surrounding t h e  area is classif ied as  g e n t l y  s l o p i n g .  
A m a j o r i t y  of t h e  surrounding area has  been d i s tu rbed  by f a rming .  
Unconsolidated sediments ,  c o n s i s t i n g  of loess and glacial  c l a y s -  
s i l t s - sands  and till a l l  of Quaternary  age o v e r l i e s  t h e  bedrock 
i n  t h e  area. The bedrock a t  t h i s  s i t e  is Permian and Pennsylvanian 
age l imes tone  which is interbedded w i t h  shales and sha ley  l i m e -  
s t one .  The s o i l  is classif ied by t h e  S o i l  Conservat ion a s  Wymore 
s i l t y  clay loam wi th  3 t o  7 percent  s lopes .  
consists of grasses commonly found i n  most sou theas t e rn  Nebraska 
p a s t u r e s .  The grasses consist mainly of b ig  bluestem, l i t t l e  
The vege ta t ion  p r i m a r i l y  
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bluestem, side-oats grama, p r a i r i e  dropseed, need leg ras s  and 
Junegrass .  Some w i l d r y e  and Ind iangras s  is found i n  t h e  bottom- 
land .  T r e e s  nea r  t h e  s i te  inc lude  cottonwood, b u r r  oak, l o c u s t ,  
ash,  e l m  and boxelder .  The fauna found i n  t h i s  area i n c l u d e ,  
raccoon, red s q u i r r e l ,  co t ton ta i l  r a b b i t ,  coyote, red fox, mule 
deer, pheasant ,  q u a i l ,  hawks o w l s  and songbi rds .  
POTENTIAL ENVIRONMENTAL IMPACTS 
Cons t ruc t ion :  T h i s  proposed p r o j e c t  occu r s  i n  an  a r e a  t h a t  
h a s  been p rev ious ly  d i s t u r b e d  by farming methods. The  primary 
o b j e c t i v e  of t h e  test  d r i l l i n g  is t o  i n s t a l l  t h e  1" cased test 
ho le  and w i l l  involve  approximately 1000 sq. f e e t  fo r  i n s t a l l a t i o n  
purposes.  
S i t e  R e s t o r a t i o n :  The h o l e  s h a l l  be sealed and plugged 
around t h e  one-inch c a s i n g  wi th  b e n t o n i t e  and c l a y  t y p e  c u t t i n g s  
from t h e  test  h o l e ,  t o  s p e c i f i c a t i o n s  fu rn i shed  by t h e  Conservat ion 
and Survey Div i s ion .  Excess d r i l l i n g  mud and c u t t i n g s  s h a l l  be 
prope r ly  d isposed  of and r e t e n t i o n  p i t s  removed o r  f i l l e d .  T h e  
s i t e  sha l l  be cleared and a s  nea r ly  as  poss ib l e  be restored t o  
its o r i g i n a l  cond i t ion .  
Cumulative and Long-term Environmental E f f e c t s :  I t  is 
a n t i c i p a t e d  t h a t  t h i s  proposed project w i l l  n o t  i n  i t se l f  create 
or  produce any nega t ive  environmental  effects .  T h e r e  w i l l  be 
no s i g n i f i c a n t  i r r e t r i e v a b l e  commitments of n a t u r a l  r e s o u r c e s  
involved i n  t h i s  p r o j e c t .  
COORDINATION WITH FEDERAL, STATE, REGIONAL, OR LOCAL PLANS 
A l l  Fede ra l ,  s t a t e  and local laws, o rd inances ,  p l a n s  or 
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r e g u l a t i o n s  i n  any manner a f f e c t i n g  t h i s  p r o j e c t  s h a l l  be  a t  a l l  
times observed and complied. N o  test  h o l e  d r i l l i n g  pe rmi t s  were 
r equ i r ed  f o r  t h i s  proposed p r o j e c t .  
ANTICIPATED BENEFITS AND ALTERNATIVES 
B e n e f i t s :  The completion of t h i s  p r o j e c t  w i l l  p rovide  
informat ion  of p o t e n t i a l  geothermal c h a r a c t e r i s t i c s  and any  
a p p l i c a t i o n  v a l u e s  t h a t  may be  a v a i l a b l e  f o r  t h i s  area. 
A l t e r n a t i v e s :  There are t w o  a l t e r n a t i v e s  f o r  t h i s  p r o j e c t .  
1) 
t h e  p o t e n t i a l  f o r  geothermal a p p l i c a t i o n  in ques t ion  and 2 )  
t h i s  proposed s i t e  t o  another  less d e s i r a b l e  loca t ion .  
a l t e r n a t i v e s  could be  implemented but they  would not be as 
N o t  t o  implement t h i s  proposa l  which would r e s u l t  i n  l e a v i n g  
Move 
Such 
amendable and cost  e f f e c t i v e  as t h e  proposed si tes.  The s i tes  
chosen s e e m  t o  be  t h e  most s u i t a b l e  and economical s o l u t i o n  t o  
t h e  p roposa l ,  i n  t h e  opin ion  of t h e  r e s e a r c h e r s  and landowners. 
S i t e  9. Located i n  D a w e s  County, Nebraska on t h e  F o r t  
Robinson 2 SE (Advance P r i n t )  7* minute topographic  quadrangle  
map i n  t h e  SE SE of sec. 2 ,  T. 32N., R .  5 1 W .  
is 1 m i l e  s o u t h  and 3 m i l e  w e s t  of t h e  small v i l l a g e  of Whitney, 
Nebraska i n  a r u r a l  farm and r a n c h  area t h a t  is  c u r r e n t l y  under 
p a r t i a l  c u l t i v a t i o n .  
is c h a r a c t e r i z e d  by w a r m  summers, c o l d  w i n t e r s  wi th  an average 
annual  p r e c i p i t a t i o n  of 18 .2  inches .  
The proposed s i t e  
The climate of t h e  area is semiar id  and 
The test  h o l e  is l o c a t e d  along t h e  s i d e  of t h e  White River  
v a l l e y  about 35 f e e t  above t h e  flow l i n e  and approximately a m i l e  
s o u t h e a s t  of  t h e  flowing stream. T h e  a r e a  surrounding t h e  sou th  
7 2  
of t h e  s i te  is c l a s s i f i e d  by t h e  S o i l  Conservat ion S e r v i c e  a s  
g e n t l y  r o l l i n g  t o  h i l l y  wh i l e  t h e  area d i r e c t l y  t o  t h e  n o r t h  s l o p e s  
g e n t l y  t o  t h e  White River  v a l l e y .  The so i l s  are  c l a s s i f i e d  a s  
Kei th  silt loam wi th  3 t o  0 percen t  s l o p e s  formed on al luvium 
terraces and colluvium along t h e  side of t h e  White River .  The  
bedrock under ly ing  t h e  area is t h e  Cretaceous aged P i e r r e  Formation, 
c o n s i s t i n g  mainly of b l ack  t o  brownish o l i v e  gray  s h a l e s .  
The v e g e t a t i o n  is  dominated by mixed n a t i v e  grasses i n  t h e  
pas tu red  areas. Farm c rops  inc lude  a l f a l f a ,  w i n t e r  whea t ,  o a t s  
and hay wi th  some b a r l e y  and corn. W i l d l i f e  ranges  from mule and 
w h i t e t a i l  d e e r ,  an t e lope ,  coyotes ,  small fu r -bea re r s  t o  small 
r o d e n t s  (mice e t c . ) .  Upland game b i r d s  such as wild tu rkey  and 
pheasants  i n h a b i t  t h e  area as do numerous song b i r d s  and p r e d a t o r s  
(owls ,  hawks). 
POTENTIAL ENVIRONMENTAL IMPACTS 
Cont ruc t ion :  T h i s  proposed p r o j e c t  occu r s  i n  an  area t h a t  
has  been p rev ious ly  d i s t u r b e d  by farming methods. T h e  primary 
objective of the test drilling is to install the 1" cased t es t  
h o l e  and w i l l  involve  approximately 1000 sq. feet  fo r  i n s t a l l a t i o n  
purposes.  
S i t e  Res to ra t ion :  The h o l e  s h a l l  be  s e a l e d  and plugged 
around t h e  one-inch c a s i n g  w i t h  b e n t o n i t e  and c l a y  type  c u t t i n g s  
from t h e  test ho le ,  t o  s p e c i f i c a t i o n s  fu rn i shed  by t h e  Conservat ion 
and Survey Div i s ion .  Excess d r i l l i n g  mud and c u t t i n g s  s h a l l  be 
p rope r ly  disposed of and r e t e n t i o n  p i t s  removed or  f i l l e d .  The 
s i t e  s h a l l  be c l e a r e d  and a s  n e a r l y  a s  p o s s i b l e  be  r e s t o r e d  t o  
i ts  o r i g i n a l  cond i t ion .  
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Cumulative and Long-term Environmental  E f f e c t s :  I t  is 
a n t i c i p a t e d  t h a t  t h i s  proposed  p r o j e c t  w i l l  n o t  i n  i t s e l f  create 
or  produce  any nega t ive  environmental e f f e c t s .  The re  w i l l  be 
no s i g n i f i c a n t  i r r e t r i e v a b l e  commitments of  n a t u r a l  r e s o u r c e s  
invo lved  i n  t h i s  p r o j e c t .  
COORDINATION WITH FEDERAL, STATE, REGIONAL, OR LOCAL PLANS 
A l l  F e d e r a l ,  s t a t e  and local  l a w s ,  o r d i n a n c e s ,  p l a n s  o r  
r e g u l a t i o n s  i n  any manner a f f e c t i n g  t h i s  p r o j e c t  s h a l l  be a t  a l l  
t i m e s  observed  and compl ied .  N o  test h o l e  d r i l l i n g  p e r m i t s  were 
r e q u i r e d  f o r  t h i s  proposed  p r o j e c t .  
ANTICIPATED BENEFITS AND ALTERNATIVES 
B e n e f i t s :  The comple t ion  of t h i s  p r o j e c t  w i l l  p r o v i d e  
informat ion  of p o t e n t i a l  geothermal  c h a r a c t e r i s t i c s  and any 
a p p l i c a t i o n  values t h a t  may be a v a i l a b l e  f o r  t h i s  area. 
A l t e r n a t i v e s :  The re  are two a l t e r n a t i v e s  f o r  t h i s  p r o j e c t .  
N o t  t o  implement t h i s  p r o p o s a l  which would r e s u l t  in l e a v i n g  1) 
t h e  p o t e n t i a l  f o r  geothermal  a p p l i c a t i o n  i n  q u e s t i o n  and 2 )  
t h i s  proposed  s i t e  t o  a n o t h e r  less d e s i r a b l e  l o c a t i o n .  
a l t e r n a t i v e s  c o u l d  be implemented b u t  t h e y  would n o t  be as  
amendable and cost e f f e c t i v e  a s  t4e proposed  sites. The si tes 
chosen  seem t o  be t h e  most s u i t a b l e  and economical  s o l u t i o n  t o  
t h e  p r o p o s a l ,  i n  t h e  o p i n i o n  of  t h e  r e s e a r c h e r s  and landowners .  
Move 
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S i t e  10. Located i n  Morrill County,  Nebraska on t h e  Bayard 
74 minu te  t o p o g r a p h i c  quad map i n  t h e  NW, NW sec. 6 ,  T. 21N., R .  51W. 
The test h o l e  is 5 m i l e s  n o r t h  and 2 m i l e s  east  of Bayard,  Nebraska 
i n  a r u r a l  farm and r a n c h  area on a fa rm home s i te .  C l i m a t e  o f  
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t h e  area is c l a s s e d  as  semiarid and t y p i c a l  o f  t h e  Great P l a i n s  - 
c o l d  w i n t e r s  and w a r m  s h o r t  summers. The mean a n n u a l  p r e c i p i t a t i o n  
is  abou t  17 i n c h e s  w i t h  a mean annua l  t e m p e r a t u r e  of 47 - 48' F .  
The test h o l e  is l o c a t e d  i n  a s m a l l  wide v a l l e y  t h a t  r u n s  
from t h e  no r thwes t  t o  t h e  s o u t h e a s t ,  e v e n t u a l l y  c o n n e c t i n g  w i t h  
Red W i l l o w  Creek about 4-5 m i l e s  t o  t h e  s o u t h e a s t .  The s i t e  l i e s  
i n  a n  area dominated by t h e  remmants o f  o l d  a l l u v i a l  f a n  d z p o s i t s  
mixed w i t h  h i g h  stream terraces which developed  i n t o  s m a l l  g e n t l y  
r o l l i n g  lowland drainages. The so i l  is c l a s s i f i e d  b y  t h e  S o i l  
C o n s e r v a t i o n  S e r v i c e  as B r i d g e p o r t  v e r y  f i n e  sandy loam. The 
bedrock  u n d e r l y i n g  t h i s  s i t e  is B r u l e  silt  and s i l t s t o n e s  of t h e  
White R i v e r  Group, Og l iocene  S e r i e s ,  T e r t i a r y  System which w a s  
encoun te red  a t  20 feet .  
V e g e t a t i o n  i n  t h e  area is p r i m a r i l y  farm c r o p s  w i t h  some 
n a t i v e  mixed g r a s s e s  i n  t h e  p a s t u r e l a n d  t o  t h e  n o r t h ,  These  
i n c l u d e  n e e d l e  g r a s s ,  s and  g r a s s ,  bunch grass ,  grama and b u f f a l o  
grass. The farm c r o p s  inc lude  corn,  a l f a l f a ,  and sugar  b e e t s  
which a t  t h i s  s i t e  are  i r r iga ted  from t h e  T r i - S t a t e  Canal  t h a t  
c u t s  d i a g o n a l l y  NW t o  SE across t h e  sect ion.  The test  h o l e  is 
approx ima te ly  . 2  of a m i l e  sou thwes t  o f  t h e  T r i - S t a t e  Cana l .  The 
f a u n a  inc ludes  b o t h  mule and w h i t e t a i l  deer, a n t e l o p e ,  r a c c o o n ,  
opossum, r abb i t ,  c o y o t e ,  s q u i r r e l  and  o t h e r  small r o d e n t s .  O t h e r s  
i n c l u d e  o w l s ,  hawks, game b i r d s  such a s  p h e a s a n t ,  and many s p e c i e s  
of s o n g b i r d s .  
POTENTIAL ENVIRONMENTAL IMPACTS 
C o n t r u c t i o n :  T h i s  proposed p r o j e c t  o c c u r s  i n  an area t h a t  
h a s  been p r e v i o u s l y  d i s t u r b e d  by fa rming  methods.  The p r imary  
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objective of the test drilling is to install the 1" cased test 
hole and will involve approximately 1000 sq. feet for installation 
purposes. 
Site Restoration: The hole shall be sealed and plugged 
around the one-inch casing with bentonite and clay type cuttings 
from the test hole, to specifications furnished by the Conservation 
and Survey Division. Excess drilling mud and cuttings shall be 
properly disposed of and retention pits removed or filled. The 
site shall be cleared and as nearly as possible be restored to 
its original condition. 
Cumulative and Long-term Environmental Effects: It is 
anticipated that this proposed project will not in itself create 
or produce any negative environmental effects. There will be 
no significant irretrievable commitments of natural resources 
involved in this project. 
COORDINATION WITH FEDERAL, STATE, REGIONAL, OR LOCAL PLANS 
All Federal, state and local laws, ordinances, plans or 
regulations in any manner affecting this project shall be at all 
times observed and complied. No test hole drilling permits were 
required for this proposed project. 
ANTICIPATED BENEFITS AND ALTERNATIVES 
Benefits: The completion of this project will provide 
information of potential geothermal characteristics and any 
application values that may be available for this area. 
Alternatives: There are two alternatives for this project. 
1) Not to implement this proposal which would result in leaving 
the potential f o r  geothermal application in question and 2) Move 
76 
J 
this proposed site to another less desirable location. Such 
alternatives could be implemented but they would not be as 
amendable and cost effective as the proposed sites. The sites 
chosen seem to be the most suitable and economical solution to 
the proposal, in the opinion of the researchers and landowners. 
Site 11. Located in Cheyenne County, Nebraska on the Sidney 
7& minute topographic quad map in the SE, SE sec. 3 3 ,  T. 14N., 
R. 49W. The test hole is located 2 miles east and one mile south 
of Sidney, Nebraska in a rural farm and rangeland area in a ranch 
pasture. Cheyenne County climate is characterized by a wide 
variation in temperature typical of the High Plains - Cold winters 
with short and hot summers. The mean average yearly precipitation 
is approximately 17 inches while the mean annual temperature is 
48 - 49' F. 
The test hole is located along the south side of Lodgepole 
Creek Valley about mile south of Lodgepole Creek. The site is 
located near the base of the valley sides on remnants of smooth 
low terraces, 20-25 feet above the stream. 500 feet  w e s t  of t h e  
site a small drainage-way has developed that drains the immediate 
area to the south. The soil is classified as Cheyenne gravelly 
sandy loam, which is derived from the alluvial-terrace materials 
and from alluvial and colluvial wash that has partly filled the 
valleys. Bedrock is encountered at 22.5 feet and consists of 
Brule siltstone and silt of the White River Group, Ogliocene Series, 
Tertiary System. 
The vegetation at the site ranges from farm CFOPS north 
in the valley to pastureland in the southern area. The farm crops 
7 7  
range from corn, alfalfa and hay to wheat and barley. 
are mainly dominated by native grasses. 
site is characteristic of the fauna found on the High Plains. 
Coyotes, deer, antelope, small fur-bearers, rabbits and rodents 
are common. Game birds such as pheasant and quail also inhabit 
the area. 
Pastures 
Wildlife found near the 
POTENTIAL ENVIRONMENTAL IMPACTS 
Construction: This proposed project occurs in an area that 
has been previously disturbed by farming methods. The primary 
objective of the test drilling is to install the 1” cased test 
hole and will involve approximately 1000 sq. feet for installation 
purposes. 
Site Restoration: The hole shall be sealed and plugged 
around the one-inch casing with bentonite and clay type cuttings 
from the test hole, to specifications furnished by the Conservation 
and Survey Division. Excess drilling mud and cuttings shall be 
properly disposed of and retention pits removed o r  filled. The 
site shall be cleared and as nearly as possible be restored t o  
its original condition. 
Cumulative and Long-term Environmental Effects: It is 
anticipated that this proposed project will not in itself create 
or produce any negative environmental effects. There will be 
no significant irretrievable commitments of natural resources 
involved in this project. 
COORDINATION WITH FEDERAL, STATE, REGIONAL, OR LOCAL PLANS 
All Federal, state and local laws, ordinances, plans or  
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regulations in any manner affecting this project shall be at all 
times observed and complied. No test hole drilling permits were 
required for this proposed project. 
ANTICIPATED BENEFITS AND ALTERNATIVES 
Benefits: The completion of this project will provide 
information of potential geothermal characteristics and any 
application values that may be available for this area. 
Alternatives: There are two alternatives for this project. 
1) Not to implement this proposal which would result in leaving 
the potential for geothermal application in question and 2) Move 
this proposed site to another less desirable location. Such 
alternatives could be implemented but they would not be as 
amendable and cost effective as the proposed sites. The sites 
chosen seem to be the most suitable and economical solution to 
the proposal, in the opinion of the researchers and landowners. 
Site 12. Located in Garden County, Nebraska on the Coumbe 
Bluff 7& minute topographic quadrangle map in the SW NW sec. 26 ,  
T. 17N., R. 45W. The test hole is about 7 miles west of Oshkosh, 
Nebraska in a rural ranch area and on the edge of a ranch pasture. 
Long cold winters and short hot summers are characteristic of the 
area. The mean annual temperature is about 48 - 4 9 O  F and the 
mean annual precipitation is 19 inches. 
The test hole is located in the North Platte Valley approxi- 
mately 19 miles south-southwest of the North Platte River. It 
is near the base of Coumbe Bluff on remnants of low terraces about 
25 feet above the river level. The Soil Conservation Service 
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classified the soil as Tripp fine silty loam that is composed of 
sediments carried down from the adjoining uplands. The bedrock 
encountered at 55 feet is silt and siltstone belonging to the 
Brule Formation of the White River Group, Ogliocene Series, 
Tertiary System. 
Vegetation at the site is dominated by native grasses which 
is either grazed as pastureland o r  cut as hay. 
in the area ranges from both mule and whitetailed deer to antelope 
and small fur bearers. Many predators such as coyotes, owls and 
hawks can be found nearby as can many different species of High 
Wildlife found 
Plains song birds. 
POTENTIAL ENVIRONMENTAL IMPACTS 
Construction: This proposed project occurs in an area that 
has been previously disturbed by farming methods, The primary 
objective of the test drilling is to install the 1" cased test 
hole and will involve approximately 1000 s q .  feet f o r  installation 
purposes. 
Site Restoration: The hole shall be sealed and plugged 
around the one-inch casing with bentonite and clay type cuttings 
from the test hole, to specificati,ons furnished by the Conservation 
and Survey Division. 
properly disposed of and retention pits removed or filled. 
site shall be cleared and as nearly as possible be restored to 
Excess drilling mud and cuttings shall be 
The 
its original condition. 
Cumulative and Long-term Environmental Effects: It is 
anticipated that this proposed project will not in itself create 
o r  produce any negative environmental effects. There will be 
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no significant irretrievable commitments of natural resources 
involved in this project. 
COORDINATION WITH FEDERAL, STATE, REGIONAL, OR LOCAL PLANS 
All Federal, state and local laws, ordinances, plans or 
regulations in any manner affecting this project shall be at all 
times observed and complied. No test hole drilling permits were 
required for this proposed project. 
ANTICIPATED BENEFITS AND ALTERNATIVES 
Benefits: The completion of this project will provide 
information of potential geothermal characteristics and any 
application values that may be available for this area. 
Alternatives: There are two alternatives for this project. 
1) Not to implement this proposal which would result in leaving 
the potential for geothermal application in question and 2) Move 
this proposed site to another less desirable location. Such 
alternatives could be implemented but they would not be as 
amendable and cost effective as the proposed sites. The sites 
chosen seem to be the most suitable and economical solution to 
the proposal, in the opinion of the researchers and landowners. 
Site 13. Located in Deuel County, Nebraska on the Big Springs 
7& minute topographic quadrangle map in the NE NW SE sec. 26, 
T. 13N., R. 42W. The test hole is about 1-1/3 mile northwest of 
Big Springs, Nebraska in a rural farm-ranch area on the edge of a 
ranch pasture. The climate is characteristic for the High Plains, 
cold winters with hot short summers. The mean annual temperature 
is 48 - 4 9 O  F. and the mean annual precipitation is 17 inches. 
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The test hole is located in a small drain along t 1luf f s 
on the north side of the South Platte Valley about 13 miles 
north of the main South Platte River and approximately 80-85 
feet above the flow line. This draw drains to the South Platte 
Valley in a southeasterly direction. 
sandy loam as classified by the Soil Conservation Service. 
Rosebud series are derived mainly from the Tertiary age, Ogallala 
Formation. The topography at this site is classed as gently 
undulating to very hilly and steeply rolling. 
alluvial and colluvial deposits were found overlying the Ogallala 
Formation. The Ogallala is composed of clay, silt, sand and 
gravel which in places is cemented with calcium carbonate or silica. 
The soil is Rosebud gravelly 
The 
25 feet of 
Vegetation is dominated by the mixed native grasses commonly 
found in this area of the High Plains - little bluestem, gramma, 
big bluestem, Indian grass, buffalo grass, wild grass and sand 
grass. Coyotes, antelope, deer, small fur-bearers, small rodents, 
owls, hawks, pheasant and some quail, raccoon, opossum, rabbits 
and snakes are commonly found in the area. 
POTENTIAL ENVIRONMENTAL IMPACTS 
Construction: This proposed project occurs in an area that 
has been previously disturbed by farming methods. The primary 
objective of the test drilling is to install the 1" cased test 
hole and will involve approximately 1000 sq. feet for installation 
purposes. 
Site Restoration: The hole shall be sealed and plugged 
around the one-inch casing with bentonite and clay type cuttings 
from the test hole, to specifications furnished by the Conservation 
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and Survey Division. Excess drilling mud and cuttings shall be 
properly disposed of and retention pits removed or filled. The 
site shall be cleared and as nearly as possible be restored to 
its original condition. 
Cumulative and Long-term Environmental Effects: It is 
anticipated that this proposed project will not in itself create 
or produce any negative environmental effects. There will be 
no significant irretrievable commitments of natural resources 
involved in this project. 
COORDINATION WITH FEDERAL, STATE, REGIONAL, OR LOCAL PLANS 
All Federal, state and local laws, ordinances, plans or 
regulations in any manner affecting this project shall be at all 
times observed and complied. 
required for this proposed project. 
No test hole drilling permits were 
ANTICIPATED BENEFITS AND ALTERNATIVES 
Benefits: The completion of this project will provide 
information of potential geothermal characteristics and any ' 
application values that may be available for this area. 
Alternatives: There are two alternatives for this project. 
1) Not to implement this proposal which would result in leaving 
the potential for geothermal application in question and 2) Move 
this proposed site to another less desirable location. Such 
alternatives could be implemented but they would not be as 
amendable and cost effective as the proposed sites. The sites 
chosen seem to be the most suitable and economical solution to 
the proposal, in the opinion of the researchers and landowners. 
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Appendix 2 - 2 
L I T H O L O G I C  LOGS OF PROJECT TEST HOLES 
Test Hole Nuder 
168- 78 
178- 78 
19H-78 
24H- 78 
38- 79 
39- 79 
40- 79 
41-79 
42- 79 
18-8- 79 
24-B- 79 
1 aGT-80 
2GT-80 
3GT- 80 
4GT-80, 
5GT-80 
6GT-80 
7GT - 80 
861 - 80 
967-80 
IOGT- 80 
11GT-80 
12GT-80 
13GT- 80 
County 
Sheri dan 
Sheri dan 
Lincoln 
L i ncol n 
Otoe 
Cass 
Richardson 
Pawnee 
Pawnee 
Sheri dan 
S heri da n 
Boyd 
Keya Paha 
Cherry 
H o l  t 
Wayne 
Burt 
Dodge 
lancaster 
Oawes 
Morri 11 
Cheyenne 
Garden 
Deuel 
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Legal Location 
SE,SE, sec. 13, T 30 N, R 46 W 
NE,SE, sec. 31, T 33 N, R 45 W 
SW,SW, sec. 36, T 12 N, R 29 W 
S E S E ,  sec. 36, T 10 N ,  R 27 W 
SE,SW, sec. 6, T 9 N, R 13 E 
SW,SW, sec. 2, T 10 N ,  R 13 E 
N E , N W ,  sec. 34, T 3 N, R 14 E 
SW,SW, sec. 31, T 1 N, R 9 E 
SW,SW, sec. 16, T 3 N, R 12 E 
N W , N E ,  sec. 24, T 34 N, R 4 2  W 
SW,NW, sec. 1, f 30 N ,  R 42 W 
SE,SU,SE, sec. 24, T 35 N ,  R 15 W 
SE,SW,NW, sec. 32, T 35 N, R 20 W 
NE,SE,SW, sec. 28, T 34 N, R 27 W 
NW,NW,NW, sec. 6, T 28 N e  R 11 W 
SE,SW,NE, sec. 14, T 26 N ,  R 3 E 
N E , S W , N E ,  sec. 6,  T 21 N ,  R 9 E 
SW,NW,NW, sec. 32, T 18 N e  R 8 E 
SW,SE,SW, sec. 22, T 8 N ,  R 8 E 
SE,SE,SE, sec. 2, T 32 N, R 51 W 
NW,NW,NW, sec. 6, T 21 N, R 51 b! 
SE,SE,SE, sec. 33, T 14 N, F! 45 !.I 
NW,SW,NW, sec. 26, T 17 N, R 4 5  
NC.NW,SE,  sec. 26, T 13 N, R 4 2  W 
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Appendix 2-3 
L i  thologi c Descriptions o f  Project Test Holes 
Appendix 2 - 3 
LITHOLOGIC DESCRIPTIONS OF PROJECT TEST HOLES 
Test Hole Number 
16B- 78 
17B- 78 
19H- 78 
24H- 78 
38- 79 
39-79 
40- 79 
41-79 
42- 79 
18-B-79 
24-B- 79 
1 aGT- 80 
2GT-80 
3GT- 80 
4GT-80 
5GT-80 
6GT-80 
7GT-80 
8GT- 80 
9GT-80 
10GT- 80 
11GT-80 
12GT-80 
13GT- 80 
County 
Sheri dan 
Sheri dan 
L i n c o l n  
L i  nco l  n 
Otoe 
Cass 
Richardson 
Pawnee 
Pawnee 
Sheri dan 
Sheri dan 
Boyd 
Keya Paha 
Cherry 
Hol  t 
Wayne 
B u r t  
Dodge 
Lancas t e r  
Dawes 
Mor r i  11 
Cheyenne 
Garden 
Deuel 
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Legal Location 
SE,SE, sec. 13, T 30 N, R 46 W 
NE,SE, sec. 31, T 33 N, R 45 W 
SW,SW, sec. 36, T 12 N, R 29 W 
SE,SE, sec. 36, T 10 N, R 27 W 
SE,SW, sec. 6, T 9 N, R 13 E 
SW,SW, sec. 2, T 10 N, R 13 E 
NE,NW, sec. 34, T 3 N, R 14 E 
SW,SW, sec. 31, T 1 N, R 9 E 
SW,SW, sec. 16, T 3 N, R 12 E 
NW,NE, sec. 24, T 34 N, R 42 W 
SW,NW, sec. 1, T 30 N,  R 42 W 
SE,SW,SE, sec. 24, T 35 N, R 15 W 
SE,SW,NW, sec. 32, T 35 N, R 20 W 
NE,SE,SW, sec. 28, T 34 N, R 27 W 
NW,NW,NW, sec. 6, T 28 N, R 11 W 
SE,SW,NE, sec. 14, T 26 N, R 3 E 
NE,SW,NE, sec. 6, T 21 N, R 9 E 
SW,NW,NW, sec. 32, T 18 N, R 8 E 
SW,SE,SW, sec. 22, T 8 N, R 8 E 
SE,SE,SE, sec. 2, T 32 N, R 51 W 
NW,NW,NW, sec. 6, T 21 N, R 51 W 
SE,SE,SE,  sec. 33, T 14 N, R 43 L.1 
NW,SW,NW, sec. 26, T 17 N,  R 45 W 
NE ,NW,SE, sec. 26, T 13 N, R 42  ?! 
Test Hole 30N-46W-13ddd 
(Field No. 16-8-78) 
Location: 24 f t .  north and 527 f t .  west of southeast corner of sec. 13, 
Ground a l t i tude :  3,780 f t .  (Hays Springs SW 7.5-minute quadrangle) 
Depth t o  water: 
T. 30 N. ,  R. 46 W .  
28.2 f t .  (October 26, 1978) 
Depth,  in feet  
From To 
Quaternary : 
Soil and subsoil .............................................. 
S i l t ,  clayey, sandy, brown.................................... 
Gravel, sandy, s i l t y ;  gravel mostly composed of l i t h i c  c l a s t s ;  
sand i s  mostly very f i n e  t o  medium .......................... 
Sand, s i l t y ,  very pale brown and pale yellow, with some 
interbedded s i l t ;  sand i s  very f i n e  t o  medium............... 
Sand and sandstone, f i n e  t o  coarse, mostly pale brown; some 
very coarse sand and t r ace  f i n e  gravel below 40 f t . ;  some 
interbedded silt...... ...................................... 
Sand and sandstone, mostly very f i n e  t o  medium, mostly pale 
brown, interbedded with s i l t ,  sandy, very pale brown; sand 
i s  mostly very f i n e  t o  medium b u t  contains a trace of coarse 
in parts; sand i s  s i l t y  in par ts ;  about 50% sand beds 
throughout the interval with no bed more t h a n  4-ft .  thick... 
Sand and sandstone, very f i n e  t o  medium, very pale brown; 
contains a few, th in ,  s i l t  beds. ............................ 
Clayey s i l t  and sandy s i l t ,  l i gh t  gray, very pale brown, and 
l i g h t  yellow-brown, with some interbedded sand; sand i s  
mostly very f i n e  t o  medium .................................. 
Sand and sandstone, mostly very f i n e  t o  medium, mostly very 
pale  brown; contains some th in ,  sandy s i l t  beds............. 
S i l t ,  sandy, l i g h t  gray....................................... 
Sand and sandstone, gravelly,  very f i n e  sand t o  medium gravel, 
S i l t ,  sandy, s l i g h t l y  clayey in parts, mostly brown; sand i s  
very f i n e  t o  fine; limy zones common; large mud loss a t  
145 ........................................................ 
S i l t ,  sandy, mostly l i gh t  brown; grades t o  very s i l t y  sand 
near t o p  and below 260 f t . ;  sand i s  mostly very f ine ;  
contains a few limy zones................................... 
Sand and sandstone, s i l t y ,  brown; sand i s  very f i n e  t o  f ine ;  
lime-cemented below 274 ft.................................. 
Sand and sandstone, very s i l t y ,  mostly brown; sand i s  mostly 
very f i n e  with some f ine ;  intermit tent  limy zones 
Ogal 1 a1 a: 
trace of coarse gravel.. .................................... 
Upper Harrison: 
Monroe Creek-Harri son: 
throughout .................................................. 
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Test hole 30N-46W-13ddd - continued 
Depth, in feet 
From To 
Beaver Wall siltstone: (approximate contact) 
Silt and siltstone, very sandy mostly brown; sand i s  very 
fine; less sandy below 560 ft.; contains some small limy 
zones....................................................... 360 620 
Silt and siltstone, mostly slightly sandy, mostly brown; more 
sandy from 660-680 ft.; few limy zones...................... 620 729 
Volcanic ash, very impure, pinkish white...................... 729 73 1 
Silt, probably very ashy, light yellow-brown .................. 731 740 
Nonpareil ash zone: 
Whi tney: 
Silt and siltstone, light yellow-brown ........................ 740 775 
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Test hole 33N-45W-31dad 
(Field No. 17-B-78) 
Location: 
sec. 31, T. 33 N . ,  R. 45 W. 
Ground a l t i tude :  3,985 f t .  (White Clay SW 7.5-minute quadrangle) 
Depth t o  water: 
About 1,600 f t .  north and 128 f t .  west of southeast corner of 
Unable t o  measure 
Depth,  in f e e t  
From To 
Quaternary: 
Soil..  ........................................................ 
Sand, s i l t y ,  pebbly, pale brown; pebbles are  mostly l i t h i c  
Sand, s i l t y ,  pale brown; sand i s  very f i n e  t o  f i n e  with some 
medium sand t o  f i n e  gravel; one limy zone................... 
Sand and sandstone, very f i n e  t o  medium with some coarse t o  
very coarse and a l i t t l e  f i n e  t o  coarse gravel; contains 
numerous limy zones and some interbedded s i l t  ............... 
S i l t ,  moderately t o  very sandy, brown and yellow-brown; sand 
is  very f i n e  t o  f ine ;  limy zones common in upper  par t  ....... 
Sand and sandstone, s i l t y  in upper p a r t ,  brown and yellow- 
brown; sand i s  f i n e  t o  very f ine ;  t race of medium sand from 
120-134 f t . ;  and t r ace  of coarse sand below 130 f t . ;  
contains some limy zones.................................... 
Monroe Creek-Harrison: 
Sand, mostly moderately s i l t y ,  mostly brown; sand i s  very 
f i n e  t o  f ine ;  contains few limy zones....................... 
Mostly s i l t ,  very sandy, yellow-brown and brown; sand i s  very 
f i n e  t o  fine................................................ 
Sand, s i l t y ,  l i gh t  brown and l i gh t  gray; sand i s  very f i n e  t o  
f i ne ;  contains l i t h i c  c l a s t s  from 225-230 f t . ;  few limy 
zones......................................................, 
Sand and sandstone, s i l t y  in parts with small amount of pink 
claystone; sand i s  very f i n e  t o  medium with some coarse; 
l i t h i c  c l a s t s  and limy zones common...................,...., 
S i l t ,  sandy, yellow-brown t o  brown; grades t o  very s i l t y  
sand; sand i s  mostly very fine............................., 
S i l t ,  very sandy, and sand, very s i l t y ,  yellow-brown; sand i s  
very f i n e  t o  f ine ;  contains l i t h i c  clasts................... 
Volcanic ash, very impure, very pale brown.................... 
S i l t ,  s l i gh t ly  sand, yellow-brown; sand i s  very fine.......... 
S i l t ,  very sandy, brown; sand i s  very f i n e  t o  f ine ;  l i t h i c  
S i l t ,  s l i gh t ly  clayey, yellow-brown ........................... 
c l a s t s  ...................................................... 
Ogal 1 a1 a: 
Upper Harrison: 
Gering: 
Beaver Wall s i  l ts tone:  
Nonpareil ash zone: 
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c l a s t s  co~on............................................... 489 
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Test hole 33N-45W-31dad - continued 
Depth, in feet 
From To 
Whi tney: 
Silt, slightly sandy, slightly clayey, mostly yellow-brown 
Silt, slightly clayey in parts, light brown................... 554 600 
Silt, slightly to moderately clayey, mostly brown; contains a 
few limy z o n e s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  600 796 
and brown; very sandy in parts; sand is very fine........... 508 554 
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Test Hole 1 2 N - 2 9 W - 3 6 ~ ~ ~  (19-H-78) 
Location: 327 f t .  north and 156 f t .  east  of southwest corner 
Date d r i l l ed :  August 23, 1978 
Ground Altitude: 3020 f t .  ( t )  
Depth t o  water: 
Total d e p t h :  800 f t .  
Approximately 260 f t .  
Depth,  in f e e t  
- 
To From 
Quaternary System, Undifferentiated: 
Top s o i l ,  s i l t ,  gray black-very dark brown.................... 
S i l t ,  sandy, dark brown....................................... 
Sand, very fine-medium, s i l t y ,  humic........... ............... 
S i l t ,  s l i gh t ly  sandy, very f i n e  sand ,  t race  iron s t a in ,  
yellow brown................................................ 
S i l t ,  s l i gh t ly  sandy, paleosol, reddish brown................. 
S i l t ,  t race  very f i n e  sand, in par t  limy, yellow brown-very 
pale brown, pale brown 128.5-130 f t . ,  paleosol .............. 
S i l t ,  limy streaks-concretions, manganese s t a ins ,  t r ace  very 
f i n e  sand ,  s l i gh t ly  clayey, very pale brown................. 
S i l t ,  limy streaks-concretions, 208-215 f t . ,  t r ace  very f i n e  
sand and manganese s ta in ing ,  pale brown ..................... 
S i l t ,  paleosol?, t r ace  very f i n e  sand, limy s t reaks,  brown- 
gray........................................................ 
S i l t ,  t r ace  very f i n e  sand, limy, brown-green-white ........... 
Sandstone, very f i n e  sand, s l i gh t ly  s i l t y  and limy, pinkish 
brown....................................................... 
Sandstone, very s i l t y ,  very f i n e  sand, greenish gray.......... 
S i l t ,  very limy, white........................................ 
Sandstone, very s i l t y ,  very f i n e  sand, greenish gray.......... 
Sandstone, s l i g h t l y  s i l t y ,  very f i n e  sand,  roo t l e t s ,  l igh t  
green....................................................... 
S i l t ,  very limy, white........................................ 
Sandstone, very f ine-coarse sand, moderately s i  l t y ,  greenish 
gray.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S i l t ,  s l i gh t ly  clayey, reddish brown with greenish streaks.  ... 
Sand and gravel,  very f i n e  sand-coarse gravel, moderately 
s i l t y  ....................................................... 
S i l t ,  s l i gh t ly  sandy, fine-very coarse sand, trace f i n e  
gravel, reddish brown....................................... 
Sand and gravel, f i n e  sand-fine gravel, trace medium gravel ... 
S i l t ,  s l i gh t ly  sandy, t r ace  s i l t s t o n e ,  grayish white.......... 
Sand and gravel , fine-very coarse sand, t r ace  fine-medium 
gravel ...................................................... 
S i l t ,  very limy, s l i gh t ly  cemented, grayish white............. 
Sand, very f ine-f ine,  moderately s i l t y ,  reddish brown......... 
S i l t ,  very sandy, very fine-medium sand, much f i n e  reddish 
brown.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sandstone, very fine-medium sand, moderately s i l t y ,  
moderately-very 1 imy, pale-very pale brown.. . . . . . . . . . . . . . . . . 
Sand, very fine-medium sand, much fine-medium, trace coarse- 
very coarse, s l i g h t l y  s i l t y ,  brown ...... ...... .............. 
Tert iary System, Ogal la1 a Group: 
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Test Hole 1 2 N - 2 9 W - 3 6 ~ ~ ~  (19-H-78) continued 
Depth, in feet 
From To 
Sandstone, very fine-medium sand, trace coarse, much medium, 
slightly-very limy, and cemented, moderately silty, very 
pale brown-brown............................................ 
Silt, very sandy, slightly clayey, slightly-very limy, very 
pale reddish brown-pale reddish brown............ ............ 
Sand-sandstone, very fine-very coarse, much medium, rare fine 
gravel, slightly-moderately limy, brown-pale brown.......... 
Sand-sand and gravel, fine sand-f ine gravel much coarse sand.. 
S i  It, sl ight-moderately clayey, olive green.. ................. 
Sand and gravel, fine sand-fine gravel, much coarse-very 
coarse s a n d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sand-sandstone, very fine-very coarse, much very fine-medium, 
trace fine gravel, moderately silty, slightly limy, trace 
lime cement, pale brown..................................... 
Sand and gravel, fine sand-f ine gravel, much coarse-very 
c o a r s e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sand, very fine-coarse, much fine, moderately silty and lime 
cemented, very pale brown-white......... .................... 
Sand, very fine-very coarse, much medium-coarse...... ......... 
Silt, moderately-very limy, moderately-very clayey, 
moderately sandy, pale brown................................ 
Sand, fine-very coarse sand, trace fine gravel, slightly 
silty at 537 ft., slightly greenish-olive gray-brown-white.. 
Silt, very clayey, pale Olive................................. 
Sandstone, very fine-medium sand, moderately silty, cemented, 
pale olive..... ............................................. 
Silt, very sandy, very fine-medium, trace coarse sand, pale 
olive... .................................................... 
Sand, very silty, very fine-medium sand, much fine-medium, in 
part slightly clayey, slightly limy, trace lime cement, 
olive-pale olive.. .......................................... 
Sand, very fine-medium, much fine, slightly-moderately silty, 
gray-brown .................................................. 
Sand-sand and gravel, very fine sand-f ine gravel, much 
medium-coarse sand, gray.................................... 
Silt, very sandy, very fine-coarse sand, much medium, very 
limy, white................................................. 
Silt, very sandy, very fine-coarse, moderately silty, 
slightly limy, pale gray-brown .............................. 
Silt, very sandy, very fine-coarse sand, slightly limy, pale 
gray-brown .................................................. 
Sand, very fine-coarse, much medium-coarse, slightly silty, 
slightly limy, gray-gray brown-slightly olive... ............ 
Silt, very sandy, very limy, white..;............. ............ 
Sand, very fine-medium, trace coarse, moderately silty, 
moderately limy, very pale brown............................ 
Sandstone, very fine, medium sand, moderately silty, pale 
brown-olive brown........................................... 
Silt, very sandy, very fine-medium sand, trace brown silt- 
stone and claystone, pale olive............................. 
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Test Hole 1 2 N - 2 9 W - 3 6 ~ ~ ~  (19-H-78) cont inued 
Depth, i n  f e e t  
From To 
Sand, very fine-medium, much fine-medium, s l i g h t l y  s i l t y ,  
pa le  o l i v e  gray-brown ....................................... 711 726 
S i l t  w i t h  o l i v e  c laystone, wh i te  l imestone fragments w i t h  
d e n d r i t i c  manganese s ta ins ,  sandy a t  736 ft., o l i ve -pa le  
olive....................................................... 726 756 
Claystone and cher t ,  dark green............................... 756 7 58 
Clay, ye l low-gray 770 ft., b lack  770-780 ft., very  hard 
787 ft................. ..................................... 758 800 
Cretaceous System, P i e r r e  Formation: 
Test Hole 10N-27W-36ddc (24-H-78) 
Location: 156 ft. north and 1210 ft. west of southeast corner 
Date drilled: September 14, 1978 
Ground altitude: 2850 ft. (t) 
Depth to water: 
Total depth: 780 ft. 
Approximately 230 ft. 
Depth, in feet 
From To 
Quaternary System, Undifferentiated: 
Top soil, silt, slightly clayey, very dark brown-yellow- 
brown.................................................... ... 
Silt, slightly sandy and clayey, gray-brown, humic, sandier 
and light brown shells 24-29 ft............................ 
Silt, slightly clayey, trace lime concentrations 75-95 ft. 
yellow brown, sandier and brownish yellow 51-59 ft. and 
Silt, slightly-moderately clayey, very pale brown-brownish 
yellow, lime concretions, slightly-very limy, trace very 
fine sand 101-106 ft. and 145-158 ft............ ............ 
Silt, moderately clayey, very pal brown, very limy in parts.. 
Silt, slightly sandy, very fine sand, moderately clayey, very 
limy, lime cemented, white .................................. 
Sandstone, very fine-coarse sand, much fine, moderately limy, 
trace rootlets, gray brown-pale reddish brown............... 
Sand and gravel, very fine sand-f ine gravel, much coarse-very 
coarse sand, trace medium-coarse gravel, reddish............ 
Silt, moderately-very sandy, very fine-medium sand, slightly- 
moderately limy, trace thin sandstone seams, pale gray 
brown-very pale brown-reddish brown. ........................ 
Sand and gravel, fine sand-fine gravel, much very coarse 
sand-fine gravel, rare medium gravel ........................ 
Silt, very sandy, very fine-medium sand, trace coarse, 
slightly limy, pale reddish brown-pale olive.... ............ 
Silt, very limy with white opaline chert, white. .............. 
Sandstone, very fine-medium sand with white opaline chert, 
reddish brown-brown ......................................... 
Sandstone and silt, interbedded, very fine-coarse sand, 
trace very coarse, much fine, silt, very sandy, slightly- 
moderately limy, reddish brown-very pale reddish brown...... 
Sand, very fine-very coarse, moderately-very silty, pale 
reddish brown........... .................................... 
Silt, moderately sandy, very fine sand, slightly-very limy, 
in part lime cemented, pale brown-gray brown ................ 
Sandstone, very fine-very coarse sand, much fine with thin 
62-66 ft................................................... 
Tertiary System, Ogallala Group: 
reddish brown-olive-olive gray silt-siltstone seams, 
sandstone is moderately silty with trace lime cement, pale 
gray brown-reddish brown .................................... 
Silt, very sandy, very fine-medium sand, slightly-moderately 
clayey, slightly-moderately limy, gray brown-very pale 
brown.................... ................................... 
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Test Hole 10N-27W-36ddc (24-H-78) continued 
Sand- s andstone, very 
Depth, in feet - .- 
ine-very coarse sand, trace 
From 
408 
420 
438 
le 
gravel, much medium, gray brown............................. 
Sand and gravel, fine sand-fine gravel, much very coarse 
sand-fine gravel, trace medium gravel, granite red.......... 
Silt, moderately clayey, very limy, very pale brown........... 
Sandstone and silt interbedded, sandstone very fine-coarse, 
Sand-sandstone, very fine-medium sand, much reddish brown 
Sand-sandstone, very fine-medium, trace coarse, very limy 
gray brown-brown ............................................ 441 
claystone, and pale gray brown sandy silt, brown............ 
with lime cement, moderately-very silty with thin olive- 
gray brown silt-siltstone seams, gray white-gray brown-pale 
olive....................................................... 487 
Silt, very sandy, very fine-medium sand, very limy with lime 
cement, trace sandstone, pale olive-white...... ............. 516 
Sandstone, very f ine-coarse, much medium, moderately-very 
silty, brown-pale olive............................,........ 530 
551 
Sand, very fine-coarse, trace very coarse, very silty, 
slightly-moderately limy, brown-pale brown.................. 567 
Silt-siltstone, slightly sandy, very fine-coarse sand, 
slightly-moderately clayey, slightly limy, olive-olive 
Sand, very fine-medium, trace coarse, moderately silty, 
brown. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  592 
Silt-siltstone, reddish brown and olive.............,......... 600 
Sand, very fine-very coarse, very silty, slightly clayey, 
slightly-moderately limy, pale olive-pale gray.............. 602 
Silt, slightly-moderately sandy, very fine-medium, slightly- 
moderately limy, slightly clayey, some siltstone and olive 
claystone with iron stain, pale olive-olive gray-olive and 
brown. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  613 
Sandstone, very fine-fine, olive.............................. 636 
Silt, moderately-very sandy, some siltstone and sandstone, 
trace dark green-black chert fragments, olive............... 640 
Silt, slightly-moderately clayey, very limy, white.. .......... 645 
650 
Silt, slightly-very clayey, slightly-moderately limy, very 
pale brown.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  654 
Sand, very f ine-very coarse, trace fine gravel, moderately 
silty with interbedded pale brown silts, much weathered 
shale and ironstone......................................... 664 
Sand and gravel, fine sand-fine gravel, much very coarse 
sand, much ironstone and very pale yellow clay .............. 700 
Flint, very hard, yellowish brown-pale yellow-red siliceous... 710 
Chalk, limy, bright yellow-orange-dark brown 711.5 
459 
Silt, moderately-very clayey, olive-white... .................. 
gray-brown .................................................. 578 
Sand, very fine-very coarse, moderately limy .................. 
Cretaceous System, Niobrara Formation: 
To 
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Test Hole 10N-27W-36ddc (24-H-78) continued 
Depth, in feet 
From To 
Clay, shaley, gray, occasional pyrite, very calcareous, 
speckled, yellow-orange-dark brown claystone pebbles 
Clay, shaley black-gray black with silver blue streaks and 
trace ironstone and yellow-orange, speckled, some pyrite .... 745 780 
and fragments 744-745 ft .................................... 727 74 5 
123 
Test Hole 38-79 
I Location: Otoe County, SE corner SW sec. 6, T. 9 N., R. 13 E., 
approximately 20 feet north of south section line 
and 152 feet west of half section line. 
Ground-level elevation : 1,045.5 feet above mean sea level. 
Started: June 20, 1979. Completed: June 25, 1979. 
Total depth: 500.0 feet. 
DescriPtion 
Quaternary System: 
Soil, dark brown, silty, clayey. ............... 
Silt, brown, clayey... ......................... 
Silt, light brown, clayey.. .... ................ 
Silt, light brownish gray, clayey ... ........... 
Silt, pale reddish brown, clayey, sandy ........ 
Silt, very light tannish gray, clayey .......... 
Sand, medium to very coarse, and gravel, 
very fine to coarse.......................... 
Silt, light tannish gray, clayey, silty.. ...... 
Clay, light gray, silty ........................ 
Clay, dark gray, silty.. ....................... 
Clay, light gray, silty .............. .......... 
Sand, fine to very coarse, and gravel, very 
fine to medium; contains limestone 
fragments .................................... 
Depth, in feet 
From -
0.0 
4.0 
5.0 
10.0 
16.5 
22.0 
30.0 
32.5 
35.0 
37.0 
44.0 
47.5 
To -
- 4.0  - 5.0 - 10.0 - 16.5 - 22.0 - 30.0 
- 32.5 - 35.0 - 37.0 - 44.0 - 47.5 
- 52.0 
Pennsylvanian System - Virgil Series - Wabaunsee Group: 
Scranton Formation: 
White Cloud Member: 
Shale, pale olive.............................. 52.0 - 56.5 
Shale, dark gray with traces of olive 
~ t t l i n g .  ................................... 56.5 - 62.0 
Shale, medium gray............................. 62.0 - 66.6 
Limestone, medium gray very finely to finely 
crystalline, shaley; contains pyrite ......... 66.6 - 68.2 
Limestone, dark tannish gray, very finely to 
finely crystalline; contains brachiopods, 
algal material, and abundant ostracods....... 68.2 - 70.6 
Shale, dark gray............................... 70.6 - 71.0 
Shale, black................................... 71.0 - 72.0 
Shale, medium gray............................. 72.0 - 72.3 
Shale, black................................... 72.3 - 72.9 
Shale, medium to light gray.................... 72.9 - 79.5 
Coal, black.................................... 79.5 - 80.1 
Howard Formation: 
Severy Formation: 
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Test hole 38-79 continued 
Depth, in feet 
Shale, light gray.............................. 80.1 - 81.7 
Limestone, dark gray, finely crystalline ....... 81.7 - 83.4 
Shale, medium gray............................. 83.4 - 84.8 
Shawnee Group : 
Topeka Formation: 
Coal Creek Member: 
Limestone, dark gray, finely crystalline. ...... 84.8 - 
Limestone, medium gray, finely crystalline; 
contains fusulinids and pyrite; interbedded 
with shale, dark gray, at 86.0-86.1.......... 85.2 - 
Shale, dark gray............................... 87.2 - 
Limestone, medium to dark gray, finely 
crystalline; contains brachiopods and 
abundant crinoids............................. 87.6 - 
Shale, medium gray, li ........................ 88.5 - 
Limestone, medium gray, finely crystalline; 
contains crinoids and brachiopods ............ 89.0 - 
Shale, dark gray............................... 89.4 - 
Shale, black................................... 90.1 - 
Limestone, medium to dark gray, finely 
Holt Member: 
DuBois Member: 
crystalline; contains brachiopods and 
pyrite ....................................... 91.3 - 
Shale, medium to dark gray, limy ............... 91.8 - 
Limestone, light gray to light greenish gray, 
finely crystalline, shaley; contains 
crinoids. .................................... 92.3 - 
Shale, light to medium gray.................... 93.0 - 
Limestone, very light tan, finely crystalline; 
Turner Creek Member: 
Sheldon Member: 
pseudo-oolitic: contains Osaqia, brachiopods, 
and gastropods ............................... 94.8 - 
Shale, light gray; interbedded with thin 
1i.mestones. .................................. 99.4 - 
Shale, medium gray; interbedded with thin 
limestones ................................... 102.0 - 
Limestone, very light gray, very finely to 
finely crystalline; contains crinoids, 
glauconite, and abundant fusulinids.......... 103.5 - 
Shale (no s~ple). ............................ 105.5 - 
Limestone, very light tan, very finely to 
Jones Point - Iowa Point Members: 
Hartford Members: 
Calhoun Formation: 
Deer Creek - Tecumseh Formations: 
Ervine Creek Member: 
finely crystalline; contains gastropods ...... 105.6 - 
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85.2 
87.2 
87.6 
88.5 
89.0 
89.4 
90.1 
91.3 
91.8 
92.3 
93.0 
94.8 
99.4 
102.0 
103.5 
105.5 
105.6 
107.3 
T e s t  ho le  38-79 continued 
Depth, i n  f e e t  
From To -
Limestone, l i g h t  t a n n i s h  gray, very f i n e l y  t o  
f i n e l y  c r y s t a l l i n e ;  con ta ins  brachiopods,  
Limestone, very l i g h t  gray t o  white ,  very 
f i n e l y  c r y s t a l l i n e ;  con ta ins  coral, 
Limestone, dark t a n n i s h  gray, f i n e l y  c r y s t a l -  
l i n e ;  con ta ins  c r i n o i d s  and fusul inids . . . . . . .  
Shale,  medium t o  dark gray, hard,  con ta ins  
f u s u l i n i d s  and crinoids... . . . . . . . . . . . . . . . . . . .  
Limestone, l i g h t  t o  medium gray, f i n e l y  
Shale ,  medium gray............................. 
Limestone, l i g h t  gray ,  f i n e l y  c r y s t a l l i n e ;  
con ta ins  crinoids... . . . . . . . . . . . . . . . . . . . . . . . . .  
Shale ,  medium gray............................. 
Shale ,  dark gray t o  black...................... 
Limestone, m e d i u m  tan, very f i n e l y  crystal- 
l i n e ;  contains  brachiopods and fusu l in ids . . . .  
Shale ,  medium gray............................. 
S i l t ,  l i g h t  b l u i s h  gray........................ 
S i l t ,  l i g h t  b l u i s h  gray; interbedded wi th  
sandstone, l i g h t  b l u i s h  gray, a t  
S i l t ,  l i g h t  b l u i s h  gray; interbedded wi th  
sandstone, l i g h t  b l u i s h  gray, a t  151.6....... 
Shale ,  medium to  l i g h t  gray... . . . . . . . . . . . . . . . . .  
Shale ,  r edd i sh  brown........................... 
Limestone, l i g h t  gray t o  l i g h t  greenish  gray,  
very f i n e l y  t o  f i n e l y  C r y s t a l l i n e ;  i n t e r -  
bedded wi th  s h a l e ,  reddish  brown............. 
Shale ,  p a l e  r edd i sh  gray;  interbedded wi th  
t h i n  limy zones.............................. 
Limestone, very l i g h t  greenish  gray,  f i n e l y  
c r y s t a l l i n e ,  sha ley  .......................... 
Shale ,  reddish  brown wi th  traces of gray t o  
greenish  gray................................ 
Shale,  gray t o  greenish  gray wi th  traces of 
r edd i sh  brown................................ 
a l g a l  material, and bryozoans. ............... 
f u s u l i n i d s  and py r i t e . .  ...................... 
c r y s t a l l i n e ;  c o n t a i n s  crinoids. . . . . . . . . . . . . .  . 
Larsh Member: 
Rock Bluff Member: 
Oskaloosa - Rakes Creek Members: 
143.0-144.0.................................. 
O s t  Member: 
Kenosha Member: 
Lecompton Formation: 
Avoca M e m b e r :  
Limestone, t ann i sh  gray,  f i n e l y  c r y s t a l l i n e ,  
Limestone, dark gray,  f i n e l y  c r y s t a l l i n e ,  
sha ley ;  con ta ins  cr inoids . . . . . . . . . .  .......... 
sha ley ;  con ta ins  c r i n o i d s  and fusu l in ids . . . . .  
107 . 3 - 111.0 
111.0 - 115.4 
115.4 - 1 2 1 . 1  
1 2 1 . 1  - 121 .9  
121 .9  
123.3 
- 123.3 - 1 2 4 . 6  
124.6 - 125.3 
- 125.8 - 1 2 6 . 4  125.3 125.8 
1 2 6 . 4  - 1 2 9 . 2  
129 .2  
131.6 
- 131.6 - 1 4 2 . 0  
142 .0  - 1 4 7 . 0  
147 .0  
157.0 
158.5 
- 157.0 - 158.5 - 161.3 
161.3 
1 6 4  . 5 
165.0 
- 164.5 
- 165.0 
- 165.8 
165.8 
169.0  
- 169.0 
- 170.0  
170 . 0 
171.2 
- 171.2 
- 1 7 1 . 4  
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T e s t  ho le  38-79 cont inued 
Depth, i n  f e e t  
Limestone, medium gray ,  f i n e l y  c r y s t a l l i n e ;  
contains c r i n o i d s  and fusulinids... . . . . . . . . . .  
Shale ,  medium gray............................. 
Shale ,  reddish b r o ~ . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Shale ,  g reen i sh  gray........................... 
Limestone, l i g h t  t a n ,  very f i n e l y  c r y s t a l l i n e ,  
pseudo-ool i t ic  i n  p a r t ;  c o n t a i n s  Osagia,  
algal material, and fusulinids............... 
Limestone, l i g h t  t an ,  very f i n e l y  c r y s t a l l i n e ;  
c o n t a i n s  p y r i t e ,  brachiopods,  and c r i n o i d s ;  
in te rbedded  wi th  s h a l e ,  g reen i sh  gray........ 
L imes tone ,  l i g h t  t a n ,  very  f i n e l y  c r y s t a l l i n e ;  
c o n t a i n s  c r i n o i d s ,  brachiopods,  f u s u l i n i d s ,  
and p y r i t e  ................................... 
Shale ,  l i g h t  gray.............................. 
Sha le ,  dark  gray............................... 
Sha le ,  b lack;  c o n t a i n s  carbonaceous material... 
Limestone, t a n n i s h  gray,  very f i n e l y  t o  f i n e l y  
King H i l l  M e m b e r :  
Limestone, brown, f i n e l y  crystall ine,  s h a l e y  ... 
B e i l  M e m b e r :  
Queen H i l l  M e m b e r :  
Big Spr ings  Member: 
c r y s t a l l i n e ,  impure; c o n t a i n s  f u s u l i n i d s ,  
Sha le ,  l i g h t  t o  medium gray;  interbeclded wi th  
t h i n  limy zones a t  195.0 and 196.0........... 
Limestone, l i q h t  t a n ,  f i n e l y  c r y s t a l l i n e ;  
c o n t a i n s  c r i n o i d s  and a lgal  material; 
in te rbedded  wi th  s h a l e ,  g reen i sh  gray.. . . . . . .  
Limestone, l i g h t  gray ,  very f i n e l y  c r y s t a l -  
l i n e ;  contains c r i n o i d s ,  a l g a l  material, 
Shale ,  dark gray............................... 
c r i n o i d s ,  and brachiopods. ................... 
Doniphan M e m b e r  : 
Spring Branch Member: 
and g l a u c o n i t e  ............................... 
Shale ,  l i g h t  gray,  limy... ..................... 
Kanwaka Formation: 
S t u l l  Member: 
Clay Creek Member: 
Sha le ,  l i g h t  gray.............................. 
Limestone, m e d i u m  gray ,  f i n e l y  c r y s t a l l i n e ,  
sha ley ;  c o n t a i n s  c r i n o i d s  and abundant 
brachiopods .................................. 
Jackson Park Member :  
Sha le ,  medium gray............................. 
Limestone, l i g h t  gray t o  t a n n i s h  gray ,  f i n e l y  
O r e a d  Formation : 
Kereford Member: 
c r y s t a l l i n e ;  c o n t a i n s  ostracods. . . . . . . . . . . . . .  
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From 
171.4 
174 .0  
175.0 
177.5 
178 . 0 
-
180.3 
183.3 
185.0 
187.4 
188.0 
189.0 
192.3 
194.1 
197.0 
198.3 
202.6 
203.4 
204 . 6 
206.0 
206.7 
207.8 
To -
- 174 .0  
- 175.0 - 177.5 - 178.0 - 180.3 
- 183.3 
- 185.0 
- 187.4 
- 188.0 - 189.0 - 192.3 
- 1 9 4 . 1  
- 1 9 7 . 0  
- 198.3 
- 202.6 - 203.4 
- 204 .6  
- 206.0 
- 206.7 
- 207.8 
- 209.7 
Test hole 38-79 continued 
Depth, in feet 
Limestone, very light tan, very finely 
crystalline; contains fusulinids, ostracods, 
Limestone, very light gray to white, very 
finely to finely crystalline; contains 
brachiopods, pyrite, and abundant 
f u s u l i n i d s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
pyrite, and glauconite ....................... 
Heumader Member: 
Plattsmouth Member: 
Shale, light gray, limy ........................ 
Limestone, light gray to very light tan, very 
finely to finely crystalline, pseudo-oolitic; 
contains fusulinids and chert................ 
Limestone, medium gray to tannish gray, finely 
crystalline; contains chert and abundant 
f u s u l i n i d s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Limestone, tannish gray, finely crystalline, 
impure; contains abundant fusulinids and 
abundant algal material...................... 
Limestone, tannish gray, finely crystalline; 
contains crinoids, glauconite, and “black 
inclusions”.................................. 
Shale, medium gray... .......................... Heebner Member: 
Shale, black................................... 
Limestone, medium tannish gray, very finely 
crystalline; contains fusulinids, crinoids, 
brachiopods, gastropods, and ”black 
inclusions”.................................. 
Shale, light gray.............................. 
Shale, light greenish gray..................... 
Shale, reddish brown........................... 
Limestone, very light tan to white, very finely 
Limestone, very light tan to white, very 
Leavenworth Member: 
Snyderville Member: 
Toronto Member: 
crystalline; contains brachiopods, algal 
finely crystalline; contains fusulinids; 
interbedded with shale, gray, greenish gray, 
and reddish brown............................ 
material, chert, and pyrite .................. 
From -
209.7 
212.0 
215.2 
215.5 
219.8 
223.0 
227 . 0 
229 . 8 
231.9 
233.9 
235.7 
2\42 . 0 
244.5 
250.4 
257.5 
To 
- 212.0 
- 215.2 
- 215.5 
- 219.8 
- 223.0 
- 227.0 
- 229.8 
- 231.9 - 233.9 
- 235.7 
- 242.0 - 244.5 - 250.4 
- 257.5 
- 260.0 
Douglas Group : 
Lawrence Formation: 
Shale, light gray.............................. 260.0 - 262.0 
Shale, reddish b r o ~ . . . . . . . . . . . . . . . . . . . . . . . . . . .  262.0 - 273.0 
Shale, varicolored, reddish brown, gray, and 
greenish gray................................ 273.0 - 278.5 
Shale, medium gray............................. 278.5 - 294.0 
Shale, black................................... 294.0 - 294.5 
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T e s t  hole 38-79 continued 
Depth, i n  f e e t  
To -From -
Shale,  medium gray............................. 294.5 - 303.6 
Limestone, medium gray, f i n e l y  c r y s t a l l i n e ,  
impure; conta ins  c r ino ids ,  brachiopods, 
and abundant fusulinids................. ..... 303.6 - 306.6 
Shale,  medium gray............................. 306.6 - 307.5 
Shale, black................................... 307.5 - 308.3 
Limestone, dark gray, f i n e l y  c r y s t a l l i n e ;  
C a s s  Formation: 
Haskell M e m b e r :  
L i t t l e  Pawnee Member: 
Shoemaker Member: 
con ta ins  brachiopods, c r ino ids ,  and 
fusul inids . . . . . . .  ............................ 308.3 - 309.4 
P l a t t f o r d  Formation: 
Unnamed M e m b e r :  
Shale,  l i g h t  t o  medium gray.................... 309.4 - 311.0 
Shale,  l i g h t  gray t o  l i g h t  greenish gray....... 311.0 - 311.6 
Shale,  reddish bro~........................... 311.6 - 317.5 
Limestone, very l i g h t  tan, very f i n e l y  
Nehawka Member : 
c r y s t a l l i n e ;  con ta ins  brachiopods and 
crinoids..................................... 317.5 - 324.0 
Shale (no s ~ p l e )  .............................. 324.0 - 325.2 
Missouri S e r i e s  - Lansing Group: 
Stanton Formation: 
South Bend M e m b e r :  
Limestone, very l i g h t  t an ,  very f i n e l y  
Shale,  reddish  brown; interbedded wi th  l i m e -  
s tone,  very l i g h t  tan........................ 326.6 - 329.0 
Limestone, very light tan,  very f i n e l y  
c r y s t a l l i n e ;  con ta ins  f u s u l i n i d s  and 
Shale,  g reenish  gray interbedded with reddish  
brown and gray............................... 330.0 - 332.0 
Limestone, very l i g h t  gray t o  white, very 
f i n e l y  c r y s t a l l i n e ;  con ta ins  c r i n o i d s ,  
f u s u l i n i d s ,  bryozoans, and a l g a l  material.... 332.0 - 337.0 
Limestone, very l i g h t  greenish  gray, very 
f i n e l y  c r y s t a l l i n e ;  con ta ins  brachiopods 
and cr inoids . .  ............................... 337.0 - 342.0 
Limestone, very l i g h t  greenish gray, very 
f i n e l y  c r y s t a l l i n e  ........................... 342.0 - 347.0 
Limestone, very l i g h t  b lu i sh  gray, very 
f i n e l y  c r y s t a l l i n e ;  con ta ins  fusu l in ids . . . . . .  347.0 - 348.0 
Shale,  l i g h t  greenish  gray, limy. .............. 348.0 - 349.0 
c r y s t a l l i n e ,  con ta ins  crinoids. . . . . . . . . . . . . . .  325.2 - 326.6 
Rock Lake Member: 
b r a c h i o ~ d s . . .  ............................... 329.0 - 330.0 
Stoner Member: 
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Test hole  38-79 continued 
Depth, in feet 
Limestone, light greenish gray, very finely 
crystalline; interbedded with shale, light 
greenish gray................................ 
Shale, greenish gray; interbedded with lime- 
stone, light greenish gray, very finely 
crystalline .................................. 
interbedded with shale, greenish gray........ 
Shale, greenish gray........................... 
Limestone, greenish gray, finely crystalline; 
contains crinoids; interbedded with shale, 
greenish gray................................ 
Shale, black................................... 
Shale, reddish brown........................... 
Shale, greenish gray........................... 
Limestone, light tan, very finely crystal- 
Shale, dark gray to b l a c k . . . . . . . . . . . . . . . . . . . . . .  
Shale, medium gray............................. 
Shale, greenish gray to medium gray............ 
Limestone, very light tan with greenish tint, 
very finely to finely crystalline; contains 
Eudora Member: 
Captain Creek Member: 
Limestone, greenish gray, finely crystalline; 
Vilas Formation: 
line; contains brachiopods ................... 
Plattsburg Formation: 
fusulinids and gastropods .................... 
Shale, light greenish gray, limy. .............. 
Limestone, very light gray, very finely 
crystalline .................................. 
From -
349.0 
352 . 9 
354.3 
355.6 
356 . 0 
357 . 0 
357 . 4 
359.0 
359.1 
359 . 7 
360.0 
362 . 0 
362 . 3 
366.7 
368.0 
Kansas City Group: 
Bonner Springs Formation: 
Wyandotte Formation: 
Shale, light bluish gray to greenish gray...... 371.5 
Limestone, light tan, very finely to finely 
Farley Member: 
crystalline; contains crinoids, fusulinids, 
and algal material........................... 376.5 
Shale, light greenish gray, limy ............... 377.0 
crystalline; contains pyrite ................. 377.6 Limestone, very light tan, very finely 
Limestone, very light tan, very finely 
crystalline; interbedded with shale, light 
greenish gray................................ 383.2 
Limestone, light tan to light greenish gray, 
very finely crystalline; interbedded with 
shale, greenish gray to white................ 388.3 
Limestone, light tan to white, very finely to 
finely crystalline ........................... 390.0 
Island Creek Member: 
Argentine Member: 
To -
- 352.9 
- 354.3 
- 355.6 
- 356.0 
- 357.0 - 357.4 - 359.0 - 359.1 
- 359.7 - 360.0 - 362.0 - 362.3 
- 366.7 - 368.0 
- 371.5 
- 376.5 
- 377.0 - 377.6 
- 383.2 
- 388.3 
- 390.0 
- 407.0 
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Test hole 38-79 continued 
Depth, 
Limestone, very light tan to white, very finely 
crystalline; contains fusulinids and pyrite.. 
Shale, dark gray to black...................... 
Quindara Member: 
Frisbie Member: 
Limestone (electric log) ....................... 
Lane Formation : 
Shale, dark greenish gray; interbedded with 
thin limestone seams......................... 
Iola Formation: 
Limestone, light tannish gray to white with 
Limestone, shaley (electric log) ............... 
light greenish gray tint; very finely 
crystalline; contains algal naterial......... 
Shale (electric log) ........................... 
Limestone (electric log)  ....................... 
Chanute Formation: 
Drum Formation: 
Shale, greenish gray........................... 
Limestone interbedded with shale (electric 
log) ......................................... 
Quivera Formation: 
Sarpy Formation : 
Shale (electric log) ........................... 
Limestone (electric log) ....................... 
Shale (electric log). .......................... 
Westerville Member: 
Fontana Formation: 
Dennis Formation: 
Winterset Member: 
Limestone (electric log) ....................... 
From 
407.0 
-
415.4 
416.9 
418.2 
436.0 
438.5 
443.5 
444.5 
445.5 
451.5 
467 . 5 
473.0 
483.5 
490.8 
in feet 
To 
- 415.4 
-
- 416,9 
- 418.2 
- 436.0 
- 438.5 
- 443.5 - 444.5 
- 445.5 
- 451.5 
- 467.5 
- 473.0 
- 483.5 
- 490.8 
- 500.0 
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Test hole 38-79 continued 
Depth, in feet 
To 
I 
From -
407.0 - 415.4 
415.4 - 416.9 
416.9 - 418.2 
Limestone, very light tan to white, very finely 
crystalline; contains fusulinids and pyrite.. 
Shale, dark gray to black...................... 
Quindara Member: 
Frisbie Member: 
Limestone (electric log) ....................... 
Lane Formation: 
Shale, dark greenish gray; interbedded with 
thin limestone seams.......................... 
Limestone, shaley (electric log)............... 
Limestone, light tannish gray to white with 
light greenish gray tint; very finely 
crystalline; contains algal material......... 
Shale (electric log) ........................... 
Limestone (electric log).... ................... 
Iola Formation: 
Chanute Formation: 
Drum Formation: 
Shale, greenish gray........................... 
Limestone interbedded with shale (electric 
log) ......................................... 
Shale (electric log) ........................... 
Limestone (electric log) ....................... 
Shale (electric log) ........................... 
Limestone (electric log).... ................... 
Quivera Formation: 
Sarpy Formation : 
Fontana Formation: 
Dennis Formation: 
Westerville Member: 
Winterset Member: 
418.2 - 436.0 
436.0 - 438.5 
438.5 - 443.5 
443.5 - 444.5 
444.5 - 445.5 
445.5 - 451.5 
451.5 - 467.5 
467.5 - 473.0 
473.0 - 483.5 
483.5 - 490.8 
490.8 - 500.0 
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, "I 
Test hole 39-79 continued 
Depth, in feet 
Limestone, medium gray, finely crystalline, 
impure; contains brachiopods and "black 
inclusions".................................. 
Shale, light gray.............................. 
Limestone, light tan, finely crystalline, 
pseudo-oolitic.. ............................. 
Limestone, light tan, finely crystalline, 
pseudo-oolitic; contains Osagia.. ............ 
Limestone, light tan, finely crystalline, 
shaley; contains algal material.............. 
Shale, light gray to light greenish gray, hard 
and limy ..................................... 
Shale, light greenish gray to nedim gray, 
limy ......................................... 
Shale, light greenish gray to medium gray, 
hard and li ................................. 
Shale, medium greenish gray; interbedded with 
thin, har6, limy zones....................... 
Limestone, very light gray to white, very 
finely to finely crystalline, shaley 
upper l.O.................................... 
Shale, light gray, hard........................ 
Limestone, very light tan, very finely 
crystalline; contains abundant chert, light 
bluish gray; contains sponge spicules ........ 
Limestone, light tan to gray, finely crystal- 
line; contains fusulinids and crinoids.. ..... 
Shale,  medium greenish gray, limy.. ............ 
Shale, light to medium greenish gray, limy ..... 
Shale, dark gray to black, hard........ ........ 
Shale, medium greenish gray.................... 
Limestone, medium brown, finely crystalline; 
Shale, dark gray............................... 
Limestone, light to medium brown, very finely 
to finely crystalline, vuggy or "reef-like" 
texture; contains brachiopods and 
Limestone, light gray mottled with tan, very 
finely crystalline; contains brachiopods 
and chert .................................... 
Turner Creek Member: 
Sheldon Member: 
Jones Point Member: 
Curzon Member: 
Iowa Point Member: 
Hartford Member: 
contains dark gray and white "inclusions". ... 
Calhoun Formation : 
Deer Creek - Tecurrseh Formation: 
Ervine Creek Member: 
gastropods ................................... 
From -
32.8 
33.4 
34.9 
36.0 
38.9 
39.5 
42.0 
42.6 
42.9 
44.6 
46.1 
46.5 
48.0 
49.4 
49.8 
50.0 
50.3 
50.5 
52.0 
53.0 
56.0 
To 
- 33.4 
- 34.9 
- 36.0 
- 38.9 
- 39.5 
- 42.0 
- 42.6 
- 42.9 
- 44.6 
- 46.1 - 46.5 
- 48.0 
- 49.4 
- 4 9 . 8  - 50.0 - 50.3 - 50.5 
- 52.0 
- 53.0 
- 56.0 
- 57.0 
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T e s t  hole 39-79 continued 
Depth, in feet 
Limestone, medium to dark brown, very finely 
to finely crystalline, "speckled;" contains 
algal material............................... 57.0 - 
Limestone, light tan to light gray, very 
finely crystalline; contains algal 
material and ostracods....................... 60.0 - 
Limestone, light gray to light tan, irregu- 
larly crystalline, impure; contains 
brachiopods, pyrite, and ostracods........... 60.3 - 
Limestone, medium brown, finely crystalline; 
contains fusulinids... . . . . . . . . . . . . . . . . . . . . . . .  60.8 - 
Limestone, medium brown, finely crystalline; 
contains abundant fusulinids....... .......... 65.0 - 
Shale, dark greenish gray...................... 67.6 - 
Shale, medium gray with greenish tint.......... 68.4 - 
Limestone, light tannish gray, finely 
Shale, m e d i u m  greenish gray.................... 6 9 . 9  - 
Shale, black, hard............................. 71.0 - 
Limestone, light to medium brown, very finely 
crystalline; contains fusulinids and dark 
brown "inclusions"................... ........ 72.0 - 
Limestone, light to medim brown, very finely 
crystalline; contains fusulinids............. 72.5 - 
Shale, medium gray............................. 74.1 - 
Sandstone, 1j.ght greenish gray, very finely 
Sandstone, light greenish gray, very fine 
Shale, light greenish gray..................... 93.6 - 
Shale, reddish brown, ~rd..................... 98.3 - 
Limestone, light tan speckled with medium gray, 
irregularly crystalline; contains ostracods.. 99.0 - 
Limestone, light greenish gray, very finely 
Shale, light reddish brown..................... 102.0 - 
Shale, medium gray with reddish tint........... 103.5 - 
Shale, light to medium gray.................... 105.5 - 
Limestone, light tannish gray, finely crystal- 
line; interbedded with shale, light to 
medium gray.................................. 106.0 - 
Shale, olive................................... 106.5 - 
Shale, medium gray............................. 108.5 - 
crystalline: contains pyrite ................. 69.0 - 
Larsh Member: 
Rock Bluff Member: 
Oskaloosa - Rakes Creek Members: 
Shale, light to rxdium gray, limy .............. 74.5 - 
grained ...................................... 79.0 - 
grained, silty ............................... 85.0 - 
Shale, light greenish gray, limy ............... 95.5 - 
Ost Member: 
crystalline .................................. 100.0 - 
Kenosha Member: 
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60.0 
60.3 
60.8 
65.0 
67.6 
68.4 
69.0 
69.9 
71.0 
72.0 
72.5 
74.1 
74.5 
79.0 
85.0 
93.6 
95.5 
98.3 
99.0 
100.0 
102 . 0 
103.5 
105.5 
106.0 
106.5 
108.5 
109.4 
Test hole 39-79 continued 
Depth, in feet 
Lecompton Formation: 
Avoca Member: 
Limestone, light to medium greenish gray, 
very finely crystalline; contains crinoids 
and fusulinids... ............................ 
Shale, dark gray to black................. ..... 
Limestone, dark tannish gray, very finely to 
finely crystalline; contains Osa ia .......... 
Limestone, medium to dark tannis + gray, very 
finely to finely crystalline; contains 
crinoids and abundant fusulinids............. 
Shale, light greenish gray..................... 
Shale, reddish brown........................... 
Shale, reddish olive........................... 
Shale, light greenish gray, li my............... 
Limestone, light tan, very finely crystalline.. 
Limestone, light tannish gray, very finely to 
finely crystalline; contains coral, brachio- 
pods, and f u s u l i n i d s . . . . . . . . . . . . . . . . . . .  ...... 
Limestone, light tannish gray, finely 
crystalline; contains abundant coral......... 
Limestone, light tannish gray, very finely to 
Limestone, light to medium greenish gray, 
King Hill Member: 
Beil Member: 
finely crystalline; contains coral.. ......... 
finely crystalline; contains brachiopods and 
pyrite ....................................... 
Shale, light to medium greenish gray........... 
Shale, dark olive gray......................... 
Shale, black, hard.... ......................... 
Limestone, medium tannish gray, very finely to 
Queen Hill Member: 
Big Springs Member: 
finely crystalline; contains pyrite and 
crinoids ..................................... 
Shale, medium greenish gray.................,... 
Limestone, light to medium tan, irregularly 
crystalline, impure, conglomeritic-like 
texture; contains "black inclusions"......... 
Limestone, light tannish gray, irregularly 
crystalline, conglomeritic-like texture; 
contains "black inclusions".................. 
Limestone, light tan, finely crystalline; 
contains brachiopods and algal material...... 
Limestone, light tannish gray, very finely to 
finely crystalline; contains algal material.. 
Doniphan Member: 
Spring Branch Member: 
From -
109.4 
110.5 
110.7 
112.0 
112.5 
113.5 
116.8 
118.0 
To -
110.5 
110.7 
112.0 
112.5 
113.5 
116.8 
11s. 0 
120.0 
120.0 - 121.3 
121.3 - 122.0 
122.0 - 123.6 
123.6 - 124.1 
124.1 - 125.2 
125.2 - 127.4 
127.4 - 128.5 
128.5 - 130.4 
130.4 - 131.7 
131.7 - 135.3 
135.3 - 136.0 
136.0 - 137.2 
137.2 - 138.0 
138.0 - 139.7 
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Test ho le  39-79 continued 
Depth, in feet 
From -
Limestone, light tan with gray tint, very 
finely to finely crystalline; contains 
Shale, olive brown............................. 141.5 
Shale, dark olive to black..................... 142.0 
brachio~ds. ................................ 139.7 
Shale, medium gray (may be poor sample) ........ 144.0 
Kanwaka Formation: 
Stull Member: 
Clay Creek Member: 
Jackson Park Member: 
Shale, medium gray, hard and limy .............. 145.0 
Limestone, light tan, finely crystalline; 
contains brachiopods and "black inclusions". . 147.8 
Shale, light to medium olive gray.............. 148.6 
Limestone, medium tan, finely crystalline ...... 150.0 
Chert, medium brown with light blue 
mottling, very rnicrofossiliferous; 
interbedded with limestone, medium tan, 
finely crystalline; contains fusulinids...... 150.1 
Limestone, very light tan, finely crystal- 
line; contains brachiopods and 
abundant f u s u l i n i d s . . . . . . . . . . . . . . . . . . . . . . . . . .  150.7 
Shale, medium gray, liI(IY.. ..................... 155.3 
Limestone, light to medium tan, very finely to 
finely crystalline; contains fusulinids, 
Osaqia, and abundant algal material.......... 156.0 
Limestone, medium gray, very finely to finely 
crystalline; contains abundant fusulinids.... 160.0 
Limestone, medium tan mottled with light tan, 
very finely to finely crystalline; 
contains fusulinids.......................... 161.8 
Limestone, light to medium gray, finely 
crystalline; contains crinoids, pyrite, 
and f u s u l i n i d s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  165.0 
Shale, medium gray............................. 167.0 
Shale, black, hard............................. 168.0 
Limestone, medium tannish gray, very finely 
crystalline; contains fusulinids............. 171.3 
Shale, light to medium greenish gray........... 173.1 
Shale, light to medium gray with traces of 
pale reddish bro~........................... 178.5 
Shale, light to medium greenish gray........... 179.0 
Shale, reddish bro~........................... 181.0 
Oread Formation: 
Kereford Member : 
Heumader Member: 
Plattsmouth Member: 
Heebner Member: 
Leavenworth Member: 
Snyderville Member: 
136 
To -
- 141.5 - 142.0 - 144.0 - 145.0 
- 147.8 
- 148.6 
- 150.0 
- 150.1 
- 150.7 
- 155.3 
- 156.0 
- 160.0 
- 161.8 
- 165.0 
- 167.0 
- 168.0 - 171.3 
- 173.1 
- 178.5 
- 179.0 - 181.0 - 189.0 
--- J 
Test hole 39-79 continued 
Depth, in feet 
Shale, medium greenish gray, limy.. ............ 
Toronto Member: 
Limestone, light tan, very finely to finely 
c~stalline .................................. 
Limestone, light greenish gray, very finely 
crystalline; contains pyrite and algal 
M t e r i a l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Limestone, light tan, very finely crystalline; 
contains chert, gray......................... 
Limestone, light greenish gray, very finely to 
finely crystalline, impure, conglomeritic- 
like texture................................. 
Limestone, light greenish gray with traces of 
pale red, very finely to finely crystalline.. 
tan, finely crystalline; contains brachiopods 
Shale, reddish brown, liJny.. ................... 
and abundant pseudo-oolites .................. 
Limestone, light greenish gray mottled with 
To -From -
189.0 - 189.8 
189.8 - 191.1 
191.1 - 191.8 
191.8 - 193.0 
193.0 - 194.3 
194.3 - 195.5 
195.5 - 198.2 
198.2 - 198.8 
Douglas Group: 
Lawrence Formation: 
Shale, reddish  brown..^........................ 198.8 - 
Shale, reddish brown mottled with olive........ 209.0 - 
Shale, light to medium greenish gray........... 214.0 - 
Shale, olive................................... 214.5 - 
Shale, olive gray.............................. 216.0 - 
Shale, medium gray............................. 218.0 - 
Shale, medium gray; interbedded with sand- 
Shale, medium gray............................. 229.7 - 
Shale, black, hard............................. 235.6 - 
Shale, light gray.............................. 235.9 - 
Shale, light gray with olive tint.............. 240.0 - 
Shale, medium gray with olive tint............. 240.6 - 
Shale, medium gray............................. 243.0 - 
Liniestone, medium gray mottled with dark gray, 
finely crystalline; contains brachiopods and 
crinoids......... ............................ 246.0 - 
Limestone, medium gray mottled with dark gray, 
Limestone, medium gray mottled with dark gray, 
finely crystalline; contains brachiopods, 
crinoids, and glauconite ..................... 247.8 - 
middle.................. ..................... 250.6 - 
crystalline .................................. 252.3 - 
stone,' medium gray, fine grained ............. 229.0 - 
Cass Formation: 
Haskell Member: 
finely crystalline, shaley ................... 247.3 - 
Little Pawnee Member: 
Shale, dark gray interbedded with black in 
Limestone, medium to dark gray, finely 
Shoemaker Member: 
209.0 
214 . 0 
214.5 
216.0 
218.0 
229.0 
229.7 
235.6 
235.9 
240 .0  
240.6 
243.0 
246 . 0 
247 . 3 
247.8 
250.6 
252.3 
253.4 
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Test hole 39-79 continued 
Depth, in feet 
From 
Plattford Formation: 
Unnamed Member: 
Shale, medium gray............................. 253.4 
Shale, medium gray with olive tint............. 258.0 
Shale, medium brown with red tint.............. 258.5 
Limestone, light tan mottled with white, very 
finely crystalline; contains brachiopods 
Nehawka Member : 
and pyrite. .................................. 264.5 
Unnamed Member: 
Shale, medium gray............................. 270.6 
Missouri Series - Lansing Group: 
Stanton Formation : 
South Bend Member: 
Limestone, light gray with tannish tint, very 
finely crystalline; contains fusulinids and 
Osa ia......................................... 
Roc + Lake Member: 
Shale, light to medium gray, limy. ............. 
Shale, reddish gray with green tint, limy.. .... 
Shale, light to medium greenish gray........... 
Limestone, light gray, finely crystalline; 
contains pyrite .............................. 
Limestone, very light tan, very finely to 
finely crystalline; contains fusulinids...... 
Limestone, very light tan to white, very 
finely crystalline ........................... 
Limestone, light greenish gray, very finely to 
Limestone, light greenish gray, very finely 
crystalline; interbedded with shale, light 
to rnedium gray............................... 
Limestone, medium greenish gray, very finely to 
finely crystalline; contains fusulinids; 
interbedded with shale, light to medium 
gray...................... 
crystalline .................................. 
Stoner Member: 
finely crystalline ........................... 
Limestone, medium gray, very finely to finely 
Eudora Member: 
Shale, medium gray............................. 
Shale, black................................... 
Limestone, mediun gray with tan tint, finely 
Captain Creek Member: 
crystalline; contains ostracods.............. 
Shale, dark gray to black...................... 
Limestone, medium gray, very finely to finely 
Shale, dark gray............................... 
Vilas Formation: 
crystalline, impure .......................... 
272.8 
273.9 
277.6 
277.9 
282.0 
282.8 
285.6 
290.0 
301.6 
303.0 
303.7 
305.0 
306.0 
306.8 
307.2 
308.0 
308.6 
To -
- 258.0 - 253.5 - 264.5 
- 270.6 
- 272.a 
- 273.9 
- 277.6 - 277.9 - 282.0  
- 282.8 
- 285.6 
- 290.0 
- 301.6  
- 303.0 
- 303.7 
- 305.0 
- 306.0 - 306.8 
- 307.2 
- 308.0 
- 303.6 - 310.3 
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Test hole 39-79 continued 
Depth. in feet 
Limestone, medium to dark gray, very finely to 
Shale, light to medium greenish gray........... 
Limestone, medium tan, finely crystalline; 
contains abundant algal material............. 
Limestone, light greenish gray, finely 
crystalline; contains ostracods and 
abundant algal material; interbedded with 
shale, light greenish gray................... 
Limestone, light gray, very finely crystal- 
line; contains chert, fusulinids, crinoids, 
ostracods, and abundant algal material....... 
Limestone, medium tannish gray, very finely 
to finely crystalline, shaley ................ 
Limestone, light tan, very finely to finely 
Limestone, light gray, very finely to finely 
Limestone, dark gray, very finely crystalline; 
Limestone, dark greenish gray, very finely 
finely crystalline; contains brachiopods ..... 
Flattsburg Formation: 
crystalline; contains chert and pyrite ....... 
crystalline; contains chert and brachiopods., 
shaley; contains crinoids..,................. 
crystalline; contains brachiopods ............ 
Kansas City Group: 
Bonner Springs Formation: 
Wyandotte Formation: 
Shale, medium to dark gray..................... 
Shale, medium greenish gray.................... 
Farley Member: 
Limestone, light tan, finely crystalline; 
Limestone, light tan, finely cyrstalline; 
Limestone, lisht gray, very finely to finely 
contains pyrite .............................. 
contains chert, light blue to light tan. ..... 
crystalline .................................. 
Shale, light to medium gray, li my.............. 
Limestone, very light tan, very finely 
crystalline; contains fusulinids............. 
Limestone, very light tan, very finely 
crystalline; contains brachiopods ............ 
Limestone, light tan, very finely crystalline; 
contains brachiopods, crinoids, and 
f u s u l i n i d s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Limestone, light gray, very finely crystal- 
line; contains crinoids and brachiopods ...... 
Limestone, light gray, very finely crystal- 
line; contains brachiopods ................... 
Island Creek Member: 
Argentine Member : 
139 
From 
310.3 
310.8 
-
313.5 
314.7 
315 . 0 
318.0 
318.6 
321.0 
323.2 
325 . 4 
327.1 
330.0 
332.3 
334.0 
337.0 
340.2 
341.1 
345.0 
355.4 
356.0 
357.0 
To -
- 310.8 - 313.5 
- 314.7 
- 315.0 
- 318.0 
- 318.6 
- 321.0 
- 323.2 
- 325.4 
- 327.1 
- 330.0 
- 332.3 
- 334.0 
- 337.0 
- 340.2 
- 341.1 
- 345.0 
- 355.4 
- 356.0 
- 357.0 
- 361.9 
T e s t  hole 39-79 cont inued 
Depth, in feet 
From -
Shale, medium gray; interbedded with limestone, 
light gray, very finely crystalline .......... 361.9 
Quindaro Member: 
Shale, medium gray............................. 369.3 
Shale, b1ack................................... 370.0 
Limestone, medium gray, very finely crystal- 
Frisbie Member: 
line; contains fusulinids and abundant 
brachiopods .................................. 370.8 
Shale, light to nedium gray.................... 371.3 
Limestone, medium gray, very finely crystal- 
Lane Formation: 
line; contains brachiopods, pelecypods, and 
pyrite ....................................... 374.7 
Shale, medium gray............................. 375.2 
Limestone, light to medium greenish gray, very 
Limestone, light tan, very finely 
Limestone, light to medium greenish gray, very 
finely crystalline; contains crinoids; 
interbedded with shale, medium gray.......... 391.3 
Limestone, light tan, very finely to finely 
crystalline; contains glauconite and 
abundant algal material...................... 392.5 
Shale, medium gray............................. 393.5 
Shale, black................................... 395.1 
Shale, medium gray............................. 396.0 
Limestone, light to medium gray with tannish 
tint, very finely crystalline; contains 
Osagia; interbedded with shale lower 0.5..... 399.4 
Limestone, light to medium tannish gray, very 
finely to finely crystalline; contains 
fusulinids, ostracods, and brachiopods ....... 401.5 
Limestone, medium gray, very finely to finely 
crystalline, shaley; contains crinoids, and 
abundant fusulinids... . . . . . . . . . . . . . . . . . . . . . .  404.5 
Limestone, light to medium tan, very finely 
to finely crystalline; contains brachiopods 
and fusulinids.... ........................... 404.9 
Limestone, medium gray, very finely crystal- 
line; contains brachiopods and abundant 
fusulinids; interbedded with shale, gray..... 408.3 
Limestone, medium tannish gray, very finely 
to finely crystalline; contains pelecypods 
and abundant f u s u l i n i d s . . . . . . . . . . . . . . . . . . . . . .  410.4 
Iola Formation: 
finely crystalline ........................... 385.4 
crystalline .................................. 387.0 
Chanute Formation: 
Drum Formation: 
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To -
- 369.3 
- 370.0 - 370.8 
- 371.3 
- 374.7 
- 375.2 - 385.4 
- 387.0 
- 391.3 
- 392.5 
- 393.5 
- 395.1 - 396.0 - 399.4 
- 401.5 
- 404.5 
- 404.9 
- 408.3 
- 410.4 
- 414.0 
I 
Test hole 39-79 continued 
Depth, in feet 
Shale, dark greenish gray, limy ................ 
contains “black inclusions ................... 
Shale, medium greenish gray,... ................ 
Limestone, dark gray, very finely crystalline; 
Quivira Formation: 
Sarpy Formation: 
Westerville Member: 
Limestone, very light to light greenish gray, 
Limestone, light gray, finely crystalline; 
contains fusulinids.......................... 
Limestone, light gray, finely crystalline; 
contains abundant fusulinids; contains 
very finely crystalline, shaley .............. 
shaley partings .............................. 
Shale, black, hard............. ................ Wea Member: 
Fontana Formation: 
Dennis Formation: 
Shale, medium greenish gray.................,.. 
Limestone, light gray, very finely to finely 
Limestone, light gray, very finely 
crystalline .................................. 
Shale, medium gray............................. 
Limestor,e, light to medium tannish gray, very 
finely crystalline; contains fusulinids ...... 
Limestone, light to medium tannish gray, very 
Limestone, light to medium tannish gray, very 
Limestone, medium tannish gray,  very f i n e l y  
Winterset Member: 
crystalline; contains pseudo-oolites ......... 
finely crystaliine, shaley; contains pyrite.. 
finely crystalline; contains brachiopods ..... 
crystalline; contains crinoids and 
brachiopods; contains shaley partings ........ 
Shale, medium gray, liICIY. ...................... 
Shale, black, hard ............................. 
Limestone, dark tannish gray, very finely to 
Stark Member: 
Canville Member: 
irregularly crystalline; contains 
brachiopods, crinoids, Osa ia, pseudo- 
oolites, and abundant a + gal material. ........ 
Galesburg Formation: 
Swope Formation: 
Shale, greenish gray........................... 
Siltstone, light greenish gray................. 
Limestone, light tan, very finely crystalline: 
contains pseudo-oolites and abundant algal 
Bethany Falls Member: 
material ..................................... 
From 
414 . 0 
415.3 
416 . 1 
-
418.3 
419.6 
427.4 
429.5 
432.1 
436.0 
442.0 
448.1 
450.0 
454.6 
456.5 
458.1 
460 . 0 
460.8 
463.4 
464.1 
466 . 3 
471.8 
To -
- 415.3 
- 416.1 
- 418.3 
- 419.6 
- 427.4 
- 429.5 
- 432.1 
- 436.0 
- 442.0 
- 448.1 
- 450.0 
- 454.6 
- 456.5 
- 458.1 
- 460.0 
- 460.8 - 463.4 
- 464.1 
- 466.3 - 471.8 
- 474.0 
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T e s t  hole 39-79 c o n t i n u e d  
Depth, in feet 
To From --Shale, very light greenish gray; contains hard 
Limestone, light tan, very finely to finely 
crystalline; contains chert, light bluish 
gray......................................... 474.8 - 477.2 
Shale, light gray.............................. 477.2 - 478.0 
Linestone, light tan, very finely to finely 
crystalline; contains crinoids............... 478.0 - 481.3 
Limestone, gray, irregularly crystalline, 
shaley: contains brachiopods, crinoids, algal 
limy zones.... ............................... 474.0 - 474.8 
material, and glauconite ..................... 481.3 - 481.7 
Hushpuckney Member: 
Shale, dark gray............................... 481.7 - 482.3 
Shale, medium gray............................. 482.3 - 486.3 
Limestone, light to mediun gray, finely to 
irregularly crystalline, pseudo-oolitic; 
contains brachiopods, bryozoans, and 
abundant algal rnaterial...................... 486.3 - 488.9 
Shale, light to mediun gray.................... 488.9 - 491.0 
Shale, pale reddish bro~. . . . . . . . . . . . . . . . . . . . . .  491.0 - 491.8 
Shale, dark gray to blac~...................... 491.8 - 492.9 
Shale, reddish brown........................... 492.9 - 493.7 
Shale, greenish gray, limy ..................... 493.7 - 498.0 
Limestone, light to medium tannish gray, very 
finely to irregularly crystalline: contains 
brachiopods, algal material, pseudo-oolites, 
Ladore Formation: 
Her tha  Forma t ion :  
and foraminifera.. ........................... 498.0 - 498.5 
Deskloines Series - Marmaton Group : 
Shale, reddish brown........................... 498.5 - 503.0 
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T e s t  Hole 40-79 
L o c a t i o n :  Richardson  County,  NE NW sec. 34, T. 3 N., R.  14  E . ,  
a p p r o x i m a t e l y  19 feet s o u t h  o f  n o r t h  s e c t i o n  l i n e  
and 195 f e e t  w e s t  of h a l f  s e c t i o n  l i n e .  - 
Ground- leve l  e l e v a t i o n :  1,051.0 feet  above mean sea l e v e l .  
S t a r t e d :  J u l y  19, 1979. Completed: J u l y  27, 1979. 
T o t a l  d e p t h :  503.0 f e e t .  
D e s c r i p t i o n  Depth ,  i n  f e e t  
To -From -
Quat e r n  a r y  System : 
S i l t ,  d a r k  g r a y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 - 2 . 0  
S i l t ,  medium brown, c l a y e y  ...................... 2.0 - 8.0 
s t a i n i n g ,  c l a y e y  8.0 - 1 2 . 0  
S i l t ,  l i g h t  t o  medium t a n  w i t h  i r o n  
S i l t ,  medium r e d d i s h  brown, c l a y e y ;  
c o n t a i n s  traces of s a n d  ....................... 12.0 - 17.0 
S i l t ,  medium r e d d i s h  brown, s andy  ............... 17.0 - 19.5 
S i l t ,  medium r e d d i s h  brown; c o n t a i n s  
s a n d ,  v e r y  f i n e  t o  coarse, and g r a v e l ,  f i n e . .  . 19.5 - 28.5 
S i l t ,  medium t a n n i s h  g r a y ,  c l a y e y  ............... 28.5 - 32.0 
S i l t ,  medium r e d d i s h  brown, c l a y e y  .............. 32.0 - 36.0 
S i l t ,  l i g h t  t o  medium t a n ,  c l a y e y  ............... 36.0 - 39.0 
.............................. 
Permian Sys tem - B i g  E l u e  S e r i e s  - Counc i l  Grove Group: 
G r e n o l a  Forma t ion :  
Neva Member: 
L imes tone ,  l i g h t  t o  medium y e l l o w i s h  brown, 
f i n e l y  c r y s t a l l i n e ,  weathered;  c o n t a i n s  
abundant  algal material  ...................... 39.0 - 41.0 
Salem P o i n t  - S a l l y a r d s  Members: 
S h a l e  ( n o  sample - c i r c u l a t i o n  l o s s )  ........... 41.0 - 43.0 ............. N o  sample t a k e n  ( c i r c u l a t i o n  l o s s )  43.0 - 57.0 
N o  sarnples t a k e n  ( c i r c u l a t i o n  loss) 57.0 - 60.0 
S h a l e ,  r e d d i s h  brown. . .  60.0 - 61.0 
S h a l e ,  medium g r a y .  61.0 - 66.0 
Roca Format i o n  : ............ ........................ ............................ 
S h a l e ,  l i g h t  g r a y ;  i n t e r b e d d e d  w i t h  t h i n  
l imestone, l i g h t  g r a y ,  f i n e l y  c r y s t a l l i n e  .... 66.0 - 67.5 
S h a l e ,  l i g h t  g r a y  67.5 - 70.4 
S h a l e ,  l i g h t  y e l l o w i s h  t a n . . . . . . . . . . . . . .  70.4 - 71.5 
.............................. ....... 
Limestone ,  l i g h t  t o  medium o l i v e  g r a y ,  
v e r y  f i n e l y  c r y s t a l l i n e ;  i n t e r b e d d e d  w i t h  
s h a l e ,  l i g h t  t a n .  ............................ 71.5 - 72.5 
S h a l e ,  l i g h t  to medium t a n . . . . . . . . . . . . . .  ....... 72.5 - 73.5 
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Depth, i n  f e e t  
Sha le ,  o l i v e . . . .  ................................ 
S h a l e ,  l i g h t  o l i v e  t a n . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sha le ,  l i g h t  t o  medium o l i v e . . . . .  ............... 
Sha le ,  dark  g ray ,  h a r d . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sha le ,  medium t o  dark  g ray . .  .................... 
S h a l e ,  b l a c k ;  c o n t a i n s  carbonaceous material. ... 
L i m e s t o n e ,  medium t o  dark  g ray ,  f i n e l y  
Red Eagle Formation: 
Bowe Member: 
B e n n e t t  Member: 
Glenrock Member: 
c r y s t a l l i n e  ................................... 
S h a l e ,  medium gray .............................. 
S h a l e ,  medium t o  dark  gray ...................... 
Johnson Formation: 
Foraker Format i o n  : 
Long Creek Member: 
S h a l e ,  medium gray wi th  olive t i n t ;  
in te rbedded  wi th  s i l t s t o n e ,  medium g ray .  ...... 
S h a l e ,  l i g h t  t o  medium gray.  .................... 
Sha le ,  o l i v e ;  in te rbedded  wi th  l imestone, 
medium g r a y ,  f i n e l y  c r y s t a l l i n e ;  c o n t a i n s  
brachiopods ................................... 
Sha le ,  l i g h t  t o  medium gray wi th  o l i v e  t i n t  ..... 
S h a l e ,  medium g ray ;  interbedded wi th  
l imes tone ,  medium gray ,  f i n e l y  c r y s t a l l i n e ;  
c o n t a i n s  c r i n o i d s  and sponge s p i c u l e s  ......... 
S h a l e ,  medium t o  dark  gray . .  .................... 
Sha le ,  medium gray;  c o n t a i n s  t r a c e s  of 
gypsum a t  124.0-127.0 ......................... 
Sha le ,  dark  g ray ;  c o n t a i n s  traces of gypsum.... . 
Sha le ,  medium gray t o  o l i v e ;  c o n t a i n s  t races  
of gypsum upper 2.0 ........................... 
S h a l e ,  b l a c k ;  c o n t a i n s  carbonaceous m a t e r i a l . .  . . 
Limestone, medium g ray ,  f i n e l y  c r y s t a l l i n e ,  
s h a l e y ;  c o n t a i n s  abundant f u s u l i n i d s  and  
brachiopods ................................... 
S h a l e ,  medium t o  dark  gray ,  l i n y  a t  142.4. ...... 
Sha le ,  medium t o  dark  gray ,  l i m y  a t  145.0 ....... 
S h a l e ,  medium t o  dark  o l i v e  gray ................ 
Limestone, dark  g ray ,  f i n e l y  c r y s t a l l i n e ;  
c o n t a i n s  c r i n o i d s ,  brachiopods,  and p y r i t e  .... 
Sha le ,  dark  gray .  ............................... 
L i m e s t o n e ,  dark  gray ,  f i n e l y  c r y s t a l l i n e ,  
impure; con ta ins  brachiopods,  o s t r a c o d s ,  and 
c r i n o i d s ;  interbedded wi th  s h a l e ,  dark  gray ... 
Sha le ,  medium t o  dark gray ...................... 
S h a l e ,  medium o l i v e  gray ........................ 
Hughes Creek Member: 
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73.5 - 77.0 
77.0 - 84.0 
84.0 - 85.0 
85.0 - 88.2 
88.2 - 90.0 
90.0 - 94.8 
94.8 - 95.6 
95.6 - 107.0 
107.0 - 113.7 
113.7 - 115.3 
115.3 - 116.3 
116.3 - 117.3 
117.3 - 119.0 
119.0 - 121.0 
121.0 - 122.0 
122.0 - 127.0 
127.0 - 129.6 
129.6 - 133.5 
133.5 - 136.5 
136.5 - 137.0 
137.0 - 143.6 
143.6 - 145.3 
145.3 - 148.3 
148.3 - 148.9 
148.9 - 152.5 
152.5 - 154.0 
154.0 - 161.5 
161.5 - 161.8 
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S h a l e ,  medium g r a y ,  l i m y .  ...................... 
Limes tone ,  medium t o  d a r k  g r a y ,  f i n e l y  
c r y s t a l l i n e ;  c o n t a i n s  c r i n o i d s ,  b r a c h i o p o d s ,  
b r y o z o a n s ,  and p y r i t e  ........................ 
S h a l e ,  b l a c k  ................................... 
Limes tone ,  medium g r a y ,  f i n e l y  c r y s t a l l i n e ;  
Americus Member: 
c o n t a i n s  b r a c h i o p o d s ,  p y r i t e ,  and 
f o r a m i n i f e r a . .  ............................... 
Admire Group: 
Hamlin Format i o n  : 
Oaks Member: 
S h a l e ,  d a r k  g r a y  ............................... 
S h a l e ,  l i g h t  g r a y ,  l i m y  ........................ 
S h a l e ,  l i g h t  t o  mediun g r a y  w i t h  b l u i s h  t i n t . . .  
S h a l e ,  medium g r a y . . . . . . . . .  .................... 
S h a l e ,  l i g h t  g r e e n i s h  g r a y . . . .  ................. 
L i m e s t o n e ,  l i g h t  t a n ,  f i n e l y  c r y s t a l l i n e  ....... 
S h a l e ,  l i g h t  g r e e n i s h  g r a y  ..................... 
Limes tone ,  l i g h t  t a n ,  f i n e l y  c r y s t a l l i n e  ....... 
S h a l e ,  l i g h t  o l i v e  g r a y ;  i n t e r b e d d e d  w i t h  
l i m e s t o n e ,  medium brown, f i n e l y  c r y s t a l l i n e . .  
S h a l e ,  l i g h t  g r a y  .............................. 
S h a l e ,  medium t o  d a r k  o l i v e  g r a y  ............... 
Limes tone ,  medium g r a y ,  f i n e l y  c r y s t a l l i n e ;  
c o n t a i n s  f o r a m i n i f e r a  and q u a r t z  f i l l e d  v u g s .  
S h a l e ,  medium gray ............................. 
Limes tone ,  medium g r a y ,  v e r y  f i n e l y  
c r y s t a l l i n e ;  c o n t a i n s  p y r i t e  ................. 
S h a l e ,  d a r k  g r a y  ............................... 
S h a l e ,  l i g h t  g r e e n i s h  g r a y ;  i n t e r b e d d e d  
w i t h  l imes tone ,  l i g h t  g r e e n i s h  g r a y ,  
v e r y  f i n e l y  c r y s t a l l i n e ,  impure ;  c o n t a i n s  
f o r a m i n i f e r a  and quar tz  f i l l e d  vugs  .......... 
S h a l e ,  l i g h t  t o  medium o l i v e .  .................. 
S h a l e ,  o l i v e  ................................... 
S h a l e ,  d a r k  g r a y .  .............................. 
Limes tone ,  l i g h t  t o  medium g r a y  w i t h  
t a n n i s h  t i n t ,  v e r y  f i n e l y  c r y s t a l l i n e ;  
c o n t a i n s  f o r a m i n i f e r a  and abundant  
b r a c h i o p o d s  .................................. 
S h a l e ,  medium g r a y  ............................. 
S h a l e ,  mediun: t o  d a r k  g r a y . . . .  ................. 
S h a l e ,  medium b l u i s h  g r a y ,  l imy  ................ 
Limes tone ,  l i g h t  g r a y ,  v e r y  f i n e l y  
c r y s t a l l i n e ,  s h a l e y  .......................... 
Houchens Creek  Member: 
S t  i n e  Member : 
F i v e  Po in t  Forma t ion :  
West Branch Forma t ion :  
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To -From -
1 6 1 . 8  - 164 .6  
164 .6  - 165 .0  
165.0 - 166.0 
166.0 - 166.5 
166.5 - 168.4  
168 .4  - 170 .0  
170 .0  - 175 .0  
175.0 - 1 7 8 . 1  
1 7 8 . 1  - 180.5  
180.5 - 181.0 
181.0 - 181.5 
181.5 - 182 .2  
182.2 - 183 .2  
183.2 - 1 8 4 . 0  
184.0 - 194 .0  
194 .0  - 196.0 
196.0 - 198.0 
198.0  - 199.3 
199.3 - 201.8 
201 .8  - 2 0 2 . 8  
202 .8  - 205.0 
205 .0  - 209.0 
209.0 - 210.6 
21.0.6 - 211.3  
211 .3  - 212 .0  
212.0 - 218.0 
218 .0  - 220 .0  
220 .0  - 223 .3  
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L imes tone ,  l i g h t  g r a y ,  ve ry  f i n e l y  
c r y s t a l l i n e ;  c o n t a i n s  q u a r t z  f i l l e d  
vugs; i n t e r b e d d e d  w i t h  s h a l e ,  l i g h t  
b l u i s h  g r a y .  ................................ 
S h a l e ,  d a r k  g r a y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L imes tone ,  medium g r a y ,  v e r y  f i n e l y  
c r y s t a l l i n e ,  s h a l e y  ......................... 
S h a l e ,  d a r k  g r a y . .  ............................ 
Limestone,  medium t o  d a r k  g r a y ,  f i n e l y  
c r y s t a l l i n e ,  impure;  c o n t a i n s  g a s t r o p o d s ,  
p y r i t e  and abundant  v e r y  small  s h e l l  
f r a g m e n t s  ( immature b rach iopods  o r  
o s t r a c o d s )  .................................. 
Limestone,  medium g r a y ,  f i n e l y  c r y s t a l l i n e ,  
impure; c o n t a i n s  p y r i t e ;  i n t e r b e d d e d  w i t h  
S h a l e ,  medium g r a y . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S h a l e ,  d a r k  g r a y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L imes tone ,  medium g r a y ,  f i n e l y  c r y s t a l l i n e ;  
F a l l s  C i t y  Format ion:  
Lehmer Member: 
s h a l e ,  medium g r a y . .  ........................ 
Reserve Member : 
Miles Member: 
c o n t a i n s  f o r a m i n i f e r a  and d a r k  g r e y  
" p e l l e t o i d "  i n c l u s i o n s . . . . . . . . . . . . . . . . . . . . . .  
S h a l e ,  l i g h t  t o  aedium b l u i s h  g r a y .  ........... 
S h a l e ,  l i g h t  t o  medium g r a y . . . . . . . . . . . . . . . . . . .  
S h a l e ,  l i g h t  g r a y  w i t h  g r e e n i s h  t i n t . . . . . . . . . .  
S h a l e ,  l i g h t  b l u i s h  g r a y . . . . . . . . . . . . . . . . . . . . . .  
S h a l e ,  medium r e d d i s h  brown; i n t e r b e d d e d  
S h a l e ,  medium r e d d i s h  b rown . . . . . . . . . . . . , . . . . . .  
Onaga Format i o n  : 
Hawxby - Towle Members: 
w i t h  s i l t s t o n e ,  medium g r e e n i s h  g r a y .  ....... 
Depth,  i n  f e e t  
To 
_. 
From -
223.3 - 225.0 
225.0 - 226.0 
226.0 - 227.0 
227.0 - 233.0 
233.0 - 234.1  
234 .1  - 236.0 
236.0 - 239.4 
239.4 - 243.0 
243.0 - 243.6 
243.6 - 247.5 
247.5 - 254.4 
254.4 - 255.0 
255.0 - 256.5 
256 .5  - 260.0 
260.0 - 265.0 
Pennsy lvan ian  System - V i r g i l  S e r i e s  - Wabaunsee Group: 
Wood S i d i n g  Format ion:  
Brownville-Plumb Members: 
S h a l e ,  medium g r a y  w i t h  o l i v e  t i n t ;  
i n t e r b e d d e d  w i t h  s a n d s t o n e ,  medium g r a y  t o  
t a n ,  v e r y  f i n e d  g r a i n e d  ..................... 265.0 - 271.0 
S h a l e ,  medium g r a y . . . . . . . . . . . . . . . . . . . . . . . . . . . .  271.0 - 289.5 
S h a l e ,  l i g h t  t o  medium g r a y ;  i n t e r b e d d e d  
Nebraska C i t y  Member: 
w i t h  l imes tone ,  medium t a n ,  v e r y  f i n e l y  
c r y s t a l l i n e ;  c o n t a i n s  b r a c h i o p o d s ,  p y r i t e ,  
and bryozoans  ............................... 289.5 - 290.7 
Root Format i on  : 
French  Creek Member: 
S h a l e ,  medium g r a y .  ........................... 290.7 - 291.7 
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Depth. i n  feet  
TO . From -
Coal, b l ack  ................................... 291.7 . 292.2 
Shale .  medium gray ............................ 292.2 . 295.8 
Coal. b l ack  ................................... 295.8 . 296.3 
Sha le .  medium gray ............................ 296.3 . 297.8 
Sha le .  l i g h t  t o  medium g r e e n i s h  gray .......... 297.8 . 299.1 
Shale .  l i g h t  gray wi th  o l i v e  t i n t  ............. 299.1 . 302.0 
Shale .  l i g h t  gray ............................. 302.0 . 305.2 
Sha le .  medium t o  dark  gray .................... 305.2 . 309.0 
Sha le .  medium gray.  limy ...................... 309.0 . 310.0 
Sha le .  medium gray ............................ 313.5 . 320.5 
Shale .  l i g h t  gray ............................. 320.5 . 321.5 
Sha le .  l i g h t  gray w i t h  r e d d i s h  t i n t  ........... 321.5 . 323.0 
Sha le ,  l i g h t  t o  medium gray ................... 323.0 . 326.3 
Shale .  l i g h t  gray ............................. 326.3 . 329.0 
Sha le ,  l i g h t  o l i v e  gray ....................... 329.0 . 334.0 
Sha le .  o l i v e  gray ............................. 334.0 . 334.5 
Sha le ,  r e d d i s h  brown. limy .................... 334.5 . 336.5 
Sha le .  r e d d i s h  brown; in te rbedded  w i t h  
Sha le .  r e d d i s h  brown .......................... 337.3 . 341.0 
Sha le .  medium gray wi th  r edd i sh  t i n t  .......... 341.0 . 343.0 
S h a l e ,  medium gray wi th  r e d d i s h  t i n t  .......... 357.0 . 362.0 
Sha le .  medium gray ............................ 362.0 . 370.0 
Sha le .  medium gray.  limp ...................... 370.0 . 372.0 
S h a l e ,  medium r e d d i s h  o l i v e  ................... 372.0 . 377.0 
Sha le .  medium gray ............................ 377.0 . 389.0 
J i m  Creek Member: 
F r i e d r i c h  Member: 
Sha le .  medium o l i v e  gray ...................... 310.0 . 313.5 
S t o t l e r  Formation: 
Grandhaven Member: 
Dry Member: 
l i m e s t o n e ,  l i g h t  t o  medium cream, v e r y  
f i n e l y  c r y s t a l l i n e  .......................... 336.5 . 337.3 
Sha le .  medium gray ............................ 343.0 . 357.0 
Dover Member : 
Pillsbury Formation: 
Zeandale Formation: 
Maple H i l l  Member: 
Wamego Member: 
Sha le .  medium gray  ............................ 389.0 . 391.0 
Shale .  medium gray  ............................ 392.0 . 397.0 
Sha le ,  l i g h t  g r e e n i s h  gray  .................... 402.0 . 404.0 
Sha le .  dark  gray t o  b l ack  ..................... 391.0 . 392.0 
Sha le ,  o l i v e  .................................. 397.0 - 398.5 
S h a l e ,  r e d d i s h  o l i v e  .......................... 398.5 . 402.0 
Limes tone .  l i g h t  cream t o  g ray ,  f i n e l y  
Ta rk io  Member: 
c r y s t a l l i n e ,  impure; c o n t a i n s  
f u s u l i n i d s .  a l g a l  material, and p y r i t e ;  
in te rbedded  wi th  shale .  medium o l i v e  g r a y  ... 404.0 . 407.0 
Limes tone .  l i g h t  gray t o  wh i t e .  v e r y  f i n e l y  
t o  f i n e l y  c r y s t a l l i n e ;  c o n t a i n s  
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Depth. i n  f e e t  
To 
_. 
From .
brachiopods.  a l g a l  material. c r i n o i d s .  
and f u s u l i n i d s  ............................. 
Wil lard  Formation: 
Sha le .  l i g h t  o l i v e  t a n  ....................... 
Shale .  dark  gray w i t h  r e d d i s h  brown .......... 
Shale .  l i g h t  t o  medium g r a y ;  in te rbedded  
w i t h  l imes tone .  l i g h t  gray t o  wh i t e .  
f i n e l y  c r y s t a l l i n e ;  c o n t a i n s  f u s u l i n i d s .  
pelecypods.  and p y r i t e  ..................... 
Shale .  l i g h t  t o  medium g reen i sh  gray ......... 
Shale .  medium g reen i sh  gray .................. 
Shale .  medium t o  dark  gray ................... 
N o  sample (probable  s h a l e )  ................... 
No sample (probable  l imes tone)  ............... 
Shale .  medium gray ........................... 
Emporia Formation: 
Elmont - Reading Members: 
Limestone. medium gray with brownish 
t i n t .  f i n e l y  c r y s t a l l i n e ;  c o n t a i n s  
brachiopods.  c r i n o i d s .  p y r i t e .  and che r t ;  
Sha le .  medium t o  dark  gray.  limy ............. 
Limestone .  l i g h t  gray t o  crem.. very 
f i n e l y  c r y s t a l l i n e ;  c o n t a i n s  brachiopods;  
in te rbedded  wi th  s h a l e .  very l i g h t  t o  
l i g h t  gray ................................. 
in te rbedded  wi th  s h a l e .  mediurr gray ........ 
Shale .  medium gray ........................... 
Shale .  medium t o  dark  gray ................... 
Sha le .  medium gray.  l i m y  ..................... 
s h a l e y ;  c o n t a i n s  c r i n o i d s  and  p y r i t e  ....... 
Sha le .  medium gray ........................... 
L i m e s t o n e .  l i g h t  t a n  t o  l i g h t  gray.  f i n e l y  
c r y s t a l l i n e  ................................ 
Shale .  medium gray ........................... 
Sha le .  l i g h t  t o  medium g reen i sh  gray ......... 
Sha le .  r e d d i s h  brown ......................... 
Sha le .  l i g h t  g reen i sh  gray ................... 
Shale .  medium gray . lirry ..................... 
Limestone (poor  sample).  sha l ey  .............. 
Shale .  medium o l i v e  gray ..................... 
Limestone. l i g h t  gray mot t led  w i t h  dark  
gray and l i g h t  t a n .  f i n e l y  c r y s t a l l i n e .  
Auburn Formation : 
Wakarusa Format ion : 
S o l d i e r  Creek Formation: 
407.0 . 409.5 
409.5 . 410.7 
410.7 . 413.5 
413.5 . 416.3 
416.3 . 417.8 
417.8 . 418.1 
418.1 . 437.0 
437.0 . 441.0 
441.0 . 444.0 
444.0 . 447.2 
447.2 . 448.0 
448.0 . 449.0 
449.0 . 450.3 
450.3 . 451.0 
451.0 . 452.0 
452.0 . 456.0 
456.0 . 458.2 
458.2 . 458.5 
458.5 . 459.0 
459.0 . 460.0 
460.0 . 460.5 
460.5 . 470.0 
470.0 . 477.0 
477.0 . 493.0 
493.0 . 497.0 
497.0 . 503.0 
T e s t  Hole 41-79 
L o c a t i o n :  Pawnee County,  SW SW sec. 31, T. 1 N . ,  R. 9 E., 
approx ima te ly  114 feet n o r t h  of s o u t h  section l i n e  
and 1 4  f e e t  east  of w e s t  sect ion l i n e .  
Ground-level  e l e v a t i o n :  1,307.5 f e e t  above mean sea l e v e l .  
S t a r t e d :  J u l y  23, 1979. Completed: J u l y  24 ,  1979. 
T o t a l  d e p t h :  503.0 f e e t .  
D e s c r i p t i o n  Depth,  i n  f e e t  
To 
_I 
From -
Q u a t e r n a r y  System: ................................... S o i l ,  b l a c k  0 - 5 . 0  
S i l t ,  medium brownish g r a y .  ................... 5.0 - 13.0 
S i l t ,  medium t a n n i s h  'g ray ;  i n t e r b e d d e d  
w i t h  g r a v e l ,  v e r y  f i n e  t o  medium.. .......... 13.0 - 15.5 
Permian System - Big Blue  S e r i e s  - Chase Group: 
B lue  S p r i n g s  Format ion:  
S h a l e ,  r e d d i s h  brown .......................... 15.5 - 1 6 . 5  
S h a l e ,  l i g h t  g r e e n i s h  g r a y  m o t t l e d  w i t h  r e d  ... 1 6 . 5  - 17.0  
S h a l e ,  r e d d i s h  brown m o t t l e d  w i t h  g r e e n  ....... 17 .0  - 1.8.0 
c r y s t a l l i n e  ................................. 18 .0  - 1 8 . 6  
g r e e n i s h  g ray  a t  21 .0  - 21.7  and 24.0 - 
2 4 . 5  ........................................ 18 .6  - 26.0  
S h a l e ,  g r e e n i s h  g ray  .......................... 26.0  - 29.0 
S h a l e ,  r e d d i s h  brown. . .  ....................... 29.0  - 32 .0  
Limes tone ,  l i g h t  t a n ,  f i n e l y  c r y s t a l l i n e  ...... 32.0  - 33.0 
S h a l e ,  l i g h t  g r e e n i s h  g r a y .  ................... 33.3 - 37 .0  
S h a l e ,  d a r k  g r a y ;  c o n t a i n s  gypsum at  37 .6  ..... 37.0  - 41.0  
l imy ........................................ 41.0 - 47.0 
Limestone,  l i g h t  g r e e n i s h  g ray ,  f i n e l y  
S h a l e ,  r e d d i s h  brown i n t e r b e d d e d  w i t h  
S h a l e ,  dark gray.............................. 33.0 - 33.3  
Kinney Format i o n :  
S h a l e ,  medium t o  d a r k  g r a y ,  h a r d  and 
S h a l e ,  medium t o  d a r k  g r a y ,  l i m y ;  
c o n t a i n s  c r i n o i d s .  .......................... 47 .0  - 48.0  
S h a l e ,  l i g h t  g r a y .  ............................ 48.0 - 48.9 
S h a l e ,  medium g r a y ;  i n t e r b e d d e d  w i t h  
gypsum a t  50.0 - 51.0 ....................... 48.9 - 51.0  
S h a l e ,  l i g h t  g r e e n i s h  gray .................... 51 .0  - 54.0  
S h a l e ,  r e d d i s h  brown .......................... 54.0 - 5 5 . 0  
S h a l e ,  r e d d i s h  brown i n t e r b e d d e d  w i t h  
g r e e n i s h  g r a y  ............................... 55.0 - 58.0 
S h a l e ,  r e d d i s h  brown; i n t e r b e d d e d  w i t h  
gypsum a t  58.0 - 59.5 ....................... 58.0 - 61 .0  
Wymore Formation:  
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T e s t  hole 41-79 continued 
Depth, i n  f e e t  
Shale ,  medium greenish g r a y . . . . . . . . . . . . . . . . .  ..... 
Shale ,  medium reddish  b r o w n . . . . . . . . . . . . . . . . . . . . . .  
Shale,  medium greenish gray;  interbedded with 
l imestone, l i g h t  greenish gray t o  
white ,  f i n e l y  c r y s t a l l i n e  ...................... 
Shale ,  medium greenish g r a y . . . . . . . . . . . . . . . .  ...... 
Shale ,  l i g h t  greenish gray;  conta ins  gypsun.., 
pink ........................................... 
Shale ,  l i g h t  t o  medium greenish g r a y . . . . . . . . . . . . .  
Shale ,  dark gray ................................. 
Shale ,  l i g h t  greenish gray; conta ins  gypsum, 
pink ........................................... 
Shale ,  l i g h t  t o  medium greenish g r a y . . . . . . . .  ..... 
Shale ,  dark g r a y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Limestone, dark gray ,  f i n e l y  c r y s t a l l i n e ;  
Limestone, medium gray, f i n e l y  c r y s t a l l i n e ;  
interbedded w i t h  s h a l e ,  medium gray w i t h  
reddish t i n t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C h e r t ,  dark b l u i s h  gray;  conta ins  abundant 
m i c r o f o s s i l s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L imes tone ,  l i g h t  t a n ,  f i n e l y  c r y s t a l l i n e ,  
Shale ,  medium gray;  conta ins  t h i n  l i m y  zones a t  
Limes tone ,  medium gray,  f i n e l y  c r y s t a l l i n e ;  
Limestone, medim gray,  f i n e l y  c r y s t a l l i n e ;  
conta ins  sha ley  p a r t i n g s  lower l . O . . . . . . . . . . . . .  
Shale ,  dark greenish g r a y . . . . . . . . . . . . . . . . . . . . . . . .  
Limestone, medium t a n n i s h  gray,  f i n e l y  
Limes tone ,  medium t ann i sh  gray ,  f i n e l y  
Limestone, medium gray,  f i n e l y  c r y s t a l l i n e ,  
che r ty ;  conta ins  bryozoans, foramini fe ra ,  
Wreford Formation: 
Schroyer Member: 
conta ins  brachiopods and pelecypods ............ 
Shale ,  medium gray,  l i m y  ......................... 
s i l t y .  ......................................... 
Havensv i l l e  Member: 
86.5 and 89.0.................................. 
conta ins  brachiopods ........................... 
Three Mile Member: 
c r y s t a l l i n e ;  conta ins  c h e r t  and p y r i t e ;  
sha ley  a t  100.3 - 100.5........................ 
c r y s t a l l i n e ,  s h a l e y  ............................ 
Shale ,  medium t o  dark greenish gray, l i m y  ........ 
and brachiopods ................................ 
Shale ,  medium gray,  l i m y  ......................... 
Chert,  dark b l u i s h  gray,  m i c r o f o s s i l i f e r o u s . . .  ... 
L i m e s t o n e ,  l i g h t  t o  medium gray,  f i n e l y  
c r y s t a l l i n e ,  impure; con ta ins  diatoms, 
brachiopods and c h e r t . . . . . . . . . . . . . . . . . . . . . . . . . .  
From -
61.0 - 
62.0 - 
63.5 - 
63.8 - 
66.4 - 
67.2 - 
69.2 - 
69.3 - 
71.5 - 
71.7 - 
73.6 - 
74.3 - 
76.8 - 
78.1 - 
80.0 - 
83.5 - 
90.0 - 
91.5 - 
94.3 - 
100.0 - 
103.5 - 
103.7 - 
104.0 - 
105.0 - 
105.3 - 
105.7 - 
To 
62.0 
63.5 
-
63.8 
66.4 
67.2 
69.2 
69.3 
71.5 
71.7 
73.6 
74.3 
76.8 
78.1 
80.0 
83.5 
90 .o 
91.5 
94.3 
100 .o 
103.5 
103.7 
104.0 
105.0 
105.3 
105.7 
106.2 
150 
Test h o l e  41-79 continued 
Depth. i n  f e e t  
From To -
Council Grove Group: 
S p e i s e r  Formation:  
S h a l e .  medium gray .............................. 
S h a l e .  medium g r a y ;  i n t e r b e d d e d  w i t h  l i m e s t o n e .  
S h a l e .  l i g h t  t o  medium g r e e n i s h  g ray  ............ 
S h a l e .  l i g h t  g r e e n i s h  g r a y  ...................... 
S h a l e .  medium g r e e n i s h  g r a y  w i t h  r e d d i s h  t i n t  ... 
S h a l e .  l i g h t  r e d d i s h  g r a y  ....................... 
S h a l e .  l i g h t  g r a y  w i t h  r e d d i s h  t i n t  ............. 
S h a l e .  r e d d i s h  brown ............................ 
S h a l e .  medium g r e e n i s h  gray ..................... 
S h a l e .  medium brown ............................. 
S h a l e .  medium g r e e n i s h  g r a y  ..................... 
Limestone.  l i g h t  t a n .  v e r y  f i n e l y  c r y s t a l l i n e ;  
conta ins  o s t r a c o d s  ............................ 
S h a l e .  medium g r e e n i s h  g ray  ..................... 
Limestone.  l i g h t  t a n  t o  medium g r a y .  ve ry  
f i n e l y  c r y s t a l l i n e ;  c o n t a i n s  g a s t r o p o d s  
and ostracods ................................. 
S h a l e .  medium g r a y  .............................. 
Limes tone .  medium t a n .  v e r y  f i n e l y  t o  f i n e l y  
Limestone.  medium t a n n i s h  g r a y .  v e r y  f i n e l y  t o  
S h a l e .  d a r k  g r a y ;  c o n t a i n s  gypsum ............... 
S h a l e .  v e r y  d a r k  g r a y  ........................... 
S h a l e .  med ium g r a y  .............................. 
Limestone.  l i g h t  g r a y  w i t h  t a n n i s h  t i n t .  
v e r y  f i n e l y  t o  f i n e l y  c r y s t a l l i n e .  impure.  
s h a l e y ;  c o n t a i n s  ostracods .................... 
S h a l e .  l i g h t  g r e e n i s h  g r a y  ...................... 
S h a l e .  medium r e d d i s h  g r a y  ...................... 
Limestone.  l i g h t  t a n .  v e r y  f i n e l y  t o  f i n e l y  
L imes tone .  medium t a n n i s h  gray.  f i n e l y  
l i g h t  tan.  f i n e l y  c r y s t a l l i n e  ................. 
S h a l e .  l i g h t  g r e e n i s h  g r a y .  l imy ................ 
Funs ton  Formation:  
c r y s t a l l i n e ;  c o n t a i n s  b rach iopods .  
g a s t r o p o d s .  and c h e r t  ......................... 
f i n e l y  c r y s t a l l i n e .  s h a l e y  .................... 
Blue  Rapids  Format ion:  
S h a l e .  medium g r e e n i s h  g r a y  ..................... 
c r y s t a l l i n e  ................................... 
g r a y ;  c o n t a i n s  gypsun ......................... 
Crouse Formation:  
c r y s t a l l i n e ;  i n t e r b e d d e d  w i t h  s h a l e .  mec!ium 
S h a l e .  medium g r a y  .............................. 
Limestone.  l i g h t  g r a y .  f i n e l y  c r y s t a l l i n e .  
s i l t y .  s h a l e y ;  c o n t a i n s  ostracods ............. 
S h a l e .  l i g h t  g r e e n i s h  g ray  ...................... E a s i l y  Creek Format ion:  
151 
106 .2  
109 .2  
110.3 
112.0 
114 .0  
117 .0  
118.3 
119.1 
120.0  
121 .0  
122 .3  
123.0 
123.5 
124.7 
126 .5  
127.2 
128.0 
129.1 
131.3 
135.6 
138.5 
139.5 
140.6 
147 .0  
148 .0  
151.3 
152.5  
156.7 
162.0  
163 .8  
. 1 0 9 . 2  
. 110 .3  
. 112.0 
. 114 .0  
. 117.0 
. 118.3 
. 119.1 
. 120 .0  
. 121.0  
. 122.3  
. 123.0 
. 123.5  
. 124.7 
. 126 .5  
. 127.2  
. 128.0  
. 129 .1  
. 131.3 
. 135.6  
. 138.5  
. 1.39.5 
. 140.6 
. 147.0  
. 148.0 
. 151.3 
. 152.5  
. 156 .7  
. 162 .0  
. 163.8 
. 165.0 
T e s t  hole  41-79  c o n t i n u e d  
Depth, i n  f e e t  
TO -From 
Shale ,  l i g h t  t o  medium reddish  gray wi th  
Sha le ,  l i g h t  g reen i sh  gray with r edd i sh  t i n t , .  .. 
Shale ,  r edd i sh  brown; c o n t a i n s  traces of 
Sha le ,  l i g h t  t o  medium g reen i sh  g ray ;  
Sha le ,  l i g h t  t o  medium redd i sh  brown w i t h  
g reen i sh  t i n t ,  l i m y  a t  165.4 - 167.0. ......... 
gypsurr, l i g h t  pink ............................ 
c o n t a i n s  gypsum, very  l i g h t  pink t o  whi te  ..... 
green i sh  gray in te rbedded  ..................... 
Gypsum, l i g h t  t a n  t o  w h i t e . . . . . . . .  .............. 
Bauder Format i o n  : 
Niddleburg Member: 
L imes tone ,  l i g h t  t a n ,  f i n e l y  c r y s t a l l i n e ,  
p seudo-oo l i t i c ;  c o n t a i n s  abundant a l g a l  
L imes tone ,  dark  g ray ,  f i n e l y  c r y s t a l l i n e ;  
c o n t a i n s  o s t r a c o d s  and a l g a l  material . .  ....... 
L i m e s t o n e ,  dark  g r a y ,  f i n e l y  c r y s t a l l i n e ;  
Limestone, medium g r a y ,  f i n e l y  c r y s t a l l i n e ;  
c o n t a i n s  gas t ropods ,  c r i n o i d s ,  and abundant 
o s t r a c o d s ;  in te rbedded  with s h a l e ,  medium 
g r a y . . . . . . . . . .  ................................ 
S h a l e ,  medium gray .............................. 
S h a l e ,  r edd i sh  brown. ........................... 
Sha le ,  l i g h t  g reen i sh  g r a y . . . . . . . . . . . . . . . . . . . . . .  
L i m e s t o n e ,  l i g h t  t o  medium t a n ,  very f i n e l y  
material ,  Osagia,  and f o r a m i n i f e r a  ............ 
in te rbedded  wi th  s h a l e ,  medium t o  dark  gray ... 
Hooser Member: 
Sha le ,  l i g h t  g reen i sh  g r a y . . . . . . . . .  ............. 
S h a l e ,  medium g reen i sh  gray.  .................... 
E i s s  Member: 
t o  f i n e l y  c r y s t a l l i n e ;  c o n t a i n s  a l g a l  
mater ia l . . . . .  ................................. 
L i m e s t o n e ,  medium o l i v e  gray ,  f i n e l y  
c r y s t a l l i n e ,  s i l t y ;  c o n t a i n s  gypsum lower 0 .1 .  
S h a l e ,  medium g r a y . . . . . . . . . . . . . . . . . .  ............ 
S h a l e ,  medium g ray ;  c o n t a i n s  gypsum, l i g h t  
L i m e s t o n e ,  medium g ray ,  f i n e l y  c r y s t a l l i n e ;  
p ink  t o  whi te .  ................................ 
c o n t a i n s  m i c r o f o s s i l i f e r o u s  s i l i c e o u s  
i n c l u s i o n s . .  .................................. 
L i m e s t o n e ,  medium t a n ,  f i n e l y  c r y s t a l l i n e ,  
p seudo-oo l i t i c  ................................ 
S t e a r n s  Formation: 
Sha le ,  dark  g r a y . .  .............................. 
L i m e s t o n e ,  medium t a n  wi th  gray t i n t ,  f i n e l y  
Sha le ,  medium g reen i sh  gray w i t h  b l u i s h  t i n t . . . .  
S h a l e ,  medium g reen i sh  gray  wi th  r edd i sh  t i n t . .  . 
c r y s t a l l i n e ,  s i l t y ,  sha l ey  .................... 
S h a l e ,  l i g h t  g reen i sh  g ray . .  .................... 
165.0 - 167.0 
167.0 - 168.0 
168.0 - 169.0 
169.0 - 169.7 
169.7 - 176.7 
176.7 - 179.3 
179.3 - 180.0 
180.0 - 182.2 
182.2 - 184.3 
184.3 - 184.8 
184.8 - 185.3 
185.3 - 189.8 
189.8 - 191.3 
191.3 - 191.5 
191.5 - 195.6 
195.6 - 198.0 
198.0 - 198.6 
198.6 - 201.0 
201.0 - 201.2 
201.2 - 201.5 
201.5 - 203.0 
203.0 - 205.0 
205.0 - 205.5 
2 0 5 . 5  - 206.5 
206.5 - 207.0 
207.0 - 212.0  
T e s t  hole 41-79 cont inued 
Depth .  i n  feet 
To 
_. 
From -
S h a l e ,  medium t o  d a r k  g r e e n i s h  g r a y  ............. 
S h a l e ,  l i g h t  g r e e n i s h  t a n  ....................... 
Beat t i e  Format i o n  : 
M o r r i l l  Member: 
L i m e s t o n e .  l i g h t  t a n .  v e r y  f i n e l y  t o  f i n e l y  
c r y s t a l l i n e ;  c o n t a i n s  m i c r o f o s s i l i f e r o u s  
Limes tone .  l i g h t  t a n .  v e r y  f i n e l y  t o  f i n e l y  
s i l i c e o u s  and p y r i t e  i n c l u s i o n s  ............... 
c r y s t a l l i n e ;  c o n t a i n s  s h a l e y  p a r t i n g s ;  
c o n t a i n s  gypsum ............................... 
S h a l e .  b l a c k  .................................... 
c r y s t a l l i n e .  s i l t y .  s h a l e y  .................... 
S h a l e .  d a r k  g r a y  f i s s i l e  ........................ 
S h a l e .  medium g r a y .  h a r d  a t  224 .3  ............... 
S h a l e .  medium gray. l imy ........................ 
Limestone .  d a r k  g r e e n i s h  g r a y .  f i n e l y  
F l o r e n a  Member: 
Cottonwood Member : 
S h a l e ,  medium g r a y .  c o n t a i n s  gypsum ............. 
Limestone  . medium t a n n i s h  g r a y  . f i n e l y  
c r y s t a l l i n e .  impure ;  c o n t a i n s  abundant  
f u s u l i n i d s  .................................... 
Limestone.  medium g r a y .  f i n e l y  c r y s t a l l i n e .  
impure ;  c o n t a i n s  p e l e c y p o d s  ................... 
E s k r i d g e  Format ion:  
S h a l e ,  medium g r a y ,  l imy ........................ 
S h a l e .  l i g h t  g r e e n i s h  g r a y  ...................... 
S h a l e .  v a r i c o l o r e d .  medium g r a y .  g r e e n i s h  
g r a y .  and r e d d i s h  g r a y  ........................ 
S h a l e .  m e d i u m  o l i v e  g r a y  ........................ 
S h a l e .  r e d d i s h  brown ............................ 
S h a l e .  r e d d i s h  g r a y ;  c o n t a i n s  traces of 
gypsum ........................................ 
S h a l e .  r e d d i s h  brown t o  g r a y  .................... 
S h a l e .  l i g h t  g r a y  t o  w h i t e  w i t h  r e d d i s h  t i n t  .... 
S h a l e .  medium r e d d i s h  t a n  ....................... 
S h a l e .  l i g h t  t o  medium g r a y  w i t h  o l i v e  t i n t  ..... 
S h a l e  . medium r e d d i s h  g r a y ;  c o n t a i n s  abundant  
gypsum. l i g h t  p i n k  t o  w h i t e  ................... 
S h a l e .  medium t o  d a r k  g r e e n i s h  g r a y  ............. 
S h a l e .  d u l l  r e d d i s h  brown ....................... 
S h a l e .  medium g r e e n i s h  g r a y  w i t h  r e d d i s h  t i n t ;  
c o n t a i n s  traces o f  gypsum ..................... 
S h a l e .  d u l l  r e d d i s h  brown ....................... 
S h a l e .  medium g r e e n i s h  g r a y  ..................... 
G r e n o l a  Format i on  : 
Neva Member: 
Limes tone .  l i g h t  t o  medium t a n n i s h  g r a y .  f i n e l y  
c r y s t a l l i n e  ................................... 
153 
212 .0  . 213 .0  
213.0 . 213.7  
213.7 . 217.3  
217 .3  . 219.4  
219 .4  . 220.0  
220 .0  . 220 .4  
220.4 . 223 .0  
223.0 . 223.3  
223 .3  . 227 .0  
227 .0  . 228.0  
228 .0  . 231.2  
231 .2  . 234 .8  
234 .8  . 236.2  
236 .2  . 243.0  
243 .0  . 244.0 
244.0 . 245.0  
245 .0  . 246 .5  
246 .5  . 247 .8  
247 .8  . 251 .0  
251 .0  . 251.8  
251 .8  . 253.9 
253.9 . 2 5 4 . 1  
254 .1  . 256.0  
256.0 . 259.0  
259.0 . 264.0  
264.0 . 265 .0  
265 .0  . 267.0  
267.0 . 270.7  
270 .7  . 272 .0  
T e s t  hole 41-79 con t inued  
Depth, in feet 
To . From .
Limestone. medium tannish gray. finely 
Limestone. medium gray. finely crystalline. 
impure; contains fusulinids and ostracods ..... 272.7 - 278.4 
Shale. medium gray to dark gray ................. 278.4 - 279.0 
Shale. black .................................... 280.0 - 280.8 
Limestone. medium tannish gray. finely 
Shale. black .................................... 
Limestone. medium gray with tannish tint. 
crystalline ................................... 272.0 - 272.7 
Shale. light to medium tannish gray ............. 279.0 - 280.0 
crystalline. shaley ........................... 280.8 - 281.3 
finely crystalline. shaley .................... 283.7 - 284.8 
281.3 - 283.7 
Salem Point Member: 
Shale. medium greenish gray ..................... 284.8 - 287.0 
Shale. light greenish gray ...................... 287.0 - 291.0 
Burr Member: 
Shale. light greenish gray; contains abundant 
gypsum. white ................................. 
Limestone. medium tannish gray. finely 
crystalline, silty, impure; contains 
gastropods .................................... 
Limestone, medium gray, finely crystalline. 
impure; contains ostracods and abundant 
algal material ................................ 
Limestone, light to medium tannish gray. 
finely crystalline, impure; contains 
brachiopods, crinoids, and Osagia ............. 
Shale, medium gray .............................. Legion Member: 
Sallyards Member: 
Shale . medium gray; contains abundant 
Gypsum, white; interbedded with shale. 
gypsum, white ................................. 
medium gray ................................... 
Shale. medium gray with olive tint .............. 
Shale. light to medium greenish gray ............ 
Shale, medium olive gray ........................ 
Shale, medium greenish gray with reddish tint ... 
Shale, varicolred. greenish gray. reddish gray. 
and medium gray ............................... 
Shale. medium greenish gray with reddish tint ... 
Shale. medium gray .............................. 
Shale, light to medium gray ..................... 
Shale, medium gray .............................. 
Shale. medium olive gray ........................ 
Shale. reddish brown ............................ 
Shale. light to medium greenish gray ............ 
Limestone, light to medium tan. very finely 
crystalline; contains astracods ............... 
Shale, medium to dark gray ...................... 
Roca Format ion : 
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291.0 . 292.0 
292.0 . 292.5 
292.5 . 293.2 
293.2 . 298.7 
298.7 . 301.0 
301.0 . 302.0 
302.0 . 302.7 
302.7 . 303.6 
303.6 . 306.0 
306.0 . 308.4 
308.4 . 309.4 
309.4 . 310.5 
310.5 . 313.0 
313.0 . 317.0 
317.0 . 318.4 
318.4 . 320.4 
320.4 . 321.0 
321.0 . 324.0 
324.0 . 325.0 
325.0 . 326.0 
326.0 . 327.8 
T e s t  hole 41-79 c o n t i n u e d  
S h a l e ,  l i g h t  t o  medium g r e e n i s h  g r a y .  .......... 
Red Eagle Format ion:  
Howe Member: 
Limes tone ,  medium t a n ,  v e r y  f i n e l y  t o  f i n e l y  
L imes tone  , medium t a n n i s h  g r a y  , f i n e l y  
c r y s t a l l i n e ,  s h a l e y  lower 1.0; contains 
p y r i t e  ....................................... 
S h a l e ,  b l a c k . . . . . . . . . . . . . . . . . . . . . .  ............. 
L i m e s t o n e ,  medlium t a n n i s h  g r a y ,  v e r y  f i n e l y  
t o  f i n e l y  c r y s t a l l i n e ,  impure; c o n t a i n s  
f u s u l i n i d s  and abundant  a lgal  material and. 
Osagia ....................................... 
S h a l e ,  d a r k  g r a y ;  i n t e r b e d d e d  w i t h  l imes tone ,  
medium g r a y ,  f i n e l y  c r y s t a l l i n e  .............. 
L i m e s t o n e ,  medium g r a y ,  f i n e l y  
c r y s t a l l i n e ;  c o n t a i n s  f u s u l i n i d s  and p y r i t e . .  
S h a l e ,  l i g h t  t o  medium g r a y  w i t h  o l i v e  t i n t  .... 
S h a l e ,  medium g r a y  w i t h  o l i v e  t i n t . . . . . . . . . . . . .  
S h a l e ,  l i g h t  t o  medium g r a y  w i t h  t a n n i s h  t i n t . .  
S h a l e ,  medium g r e e n i s h  g r a y . . . . . . . . . . . . . . . . . . . .  
S h a l e ,  medium o l i v e  g r a y . .  ..................... 
Limestone ,  v e r y  l i g h t  t a n ,  v e r y  f i n e l y  
c r y s t a l l i n e  .................................. 
S h a l e ,  medium o l i v e  g r a y ,  l imy ;  c o n t a i n s  
gypsum, w h i t e . .  .............................. 
S h a l e  , medium o l i v e  g r a y  , c o n t a i n s  abundant  
gypsum, w h i t e . . . .  ............................ 
c r y s t a l l i n e ,  impure ;  conta ins  p y r i t e  ......... 
B e n n e t t  Member : 
Glen Rock Member: 
Johnson Format i o n  : 
F o r a k e r  Forma t ion :  
Long Creek Member: 
Limes tone ,  medium tan, very f i n e l y  t o  f i n e l y  
c r y s t a l l i n e ,  s h a l e y  .......................... 
S h a l e ,  l i g h t  o l i v e  g r a y ,  l imy ;  c o n t a i n s  
g y p s u m . . . . . . . . . . . . . . . . .  ...................... 
Limestone ,  medium t a n n i s h  g r a y ,  f i n e l y  
c r y s t a l l i n e ,  s i l t y  ........................... 
L i m e s t o n e ,  medium g r a y ,  f i n e l y  c r y s t a l l i n e ,  
s i l t y  ........................................ 
S h a l e ,  medium o l i v e  g r a y  ....................... 
S h a l e ,  d a r k  g r a y  w i t h  r e d d i s h  t i n t  
i n t e r b e d d e d  w i t h  medium g r a y  w i t h  r e d d i s h  
t i n t . . . . . . . . . . .  .............................. 
S h a l e ,  medium g r a y  m o t t l e d  w i t h  r e d d i s h  brown..  
S h a l e ,  medium r e d d i s h  g r a y . . . . . . . . . . . . . . . . . . . . .  
L i m e s t o n e ,  medium g r a y ,  f i n e l y  c r y s t a l l i n e ,  
s i l t y ,  s h a l e y ;  c o n t a i n s  d a r k  g r a y  
" i n c l u s i o n s "  ................................. 
S h a l e ,  medium g r a y .  ............................ 
Hughes Creek Member: 
Depth ,  i n  fee t  
TO -From -
327.8 - 331.3 
331.3 - 332.0 
332.0 - 335.2 
335.2 - 340.0 
340.0 - 341.3 
341.3 - 342.0 
342.0 - 343.4 
343.4 - 343.8 
343.8 - 345.0 
345.0 - 347.0 
347.0 - 352.0 
352.0 - 357.8 
357.8 - 358.6 
358.6 - 361.0 
361.0 - 365.8 
365.8 - 367.0 
367.0 - 367.5 
367.5 - 370.0 
370.0 - 372.4 
372.4 - 376.0 
376.0 - 381.0 
381.0 - 383.5 
383.5 - 386.0 
386.0 - 387.2 
387.2 - 390.0 
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Test ho le  41-79  cont inued 
Depth, i n  f e e t  
Sha le ,  medium g r e e n i s h  gray .................... 
Sha le ,  dark  gray mot t led  wi th  red  .............. 
Limes tone ,  medium gray ,  f i n e l y  c r y s t a l l i n e .  
impure; c o n t a i n s  c r i n o i d s ,  p y r i t e ,  and 
f u s u l i n i d s  ................................... 
Shale .  medium gray wi th  r edd i sh  t i n t  ........... 
Limes tone  , medium gray , f i n e l y  c r y s t a l l i n e  , 
impure; c o n t a i n s  brachiopods ................. 
Sha le ,  medium gray mot t led  w i t h  r ed  ............ 
Sha le ,  medium t o  dark  gray ..................... 
Sha le .  dark  g ray ;  in te rbedded  wi th  s i l t s t o n e .  
medium gray .................................. 
Americus Member: 
Admire Group : 
H a m l i n  Formation: 
Sha le ,  dark  gray t o  b lack .  f i s s i l e  ............. 
Shale .  dark  gray ............................... 
Sha le ,  l i g h t  t o  medium g reen i sh  gray ........... 
Sha le .  l i g h t  r e d d i s h  gray ...................... 
Sha le ,  l i g h t  g reen i sh  gray ..................... 
Shale .  medium gray  ............................. 
Sha le ,  medium o l i v e  ............................ 
Sha le ,  medium gray  wi th  o l i v e  t i n t  ............. 
Shale .  medium t o  dark  gray mott led wi th  
r e d d i s h  brown ................................ 
Sha le .  medium r e d d i s h  gray ..................... 
Sha le .  medium gray wi th  r edd i sh  t i n t  ........... 
Sha le .  medium g r e e n i s h  gray .................... 
Five  Po in t  Formation: 
West Branch Format ion : 
Sha le .  medium t a n n i s h  gray .  l i m y  ............... 
S h a l e ,  l i g h t  t o  medium g reen i sh  gray ........... 
Sha le .  medium gray ............................. 
c r y s t a l l i n e  .................................. 
Shale .  medium gray wi th  o l i v e  t i n t  ............. 
Shale .  l i g h t  t o  medium g reen i sh  gray w i t h  
r edd i sh  t i n t  ................................. 
Shale .  medium gray;  interbedded wi th  t h i n  
l imes tones .  medium t a n ,  f i n e l y  
F a l l s  C i t y  Formation: 
Lehmer Member: 
Limestone, medium t a n ,  f i n e l y  c r y s t a l l i n e .  
s h a l e y  ....................................... 
Reserve - bliles Members: 
S h a l e ,  medium gray ............................. 
c o n t a i n s  os t r acods  and a l g a l  m a t e r i a l  ........ L i m e s t o n e .  l i g h t  t o  medium gray .  impure; 
Onaga Format i o n  : 
Hauxby blember : 
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To . From .
390.0 . 391.0 
391.0 . 397.0 
397.0 . 398.1 
398.1 . 401.2 
401.2 . 402.4 
402.4 . 405.0 
405.0 . 410.3 
410.3 . 410.9 
410.9 . 411.2 
411.2 . 413.0 
413.0 . 425.0 
425.0 . 426.0  
426.0 . 428.1 
428.1 . 431.8 
431.8 . 434.0 
434.0 . 436.0 
436.0 . 439.0 
439.0 . 440.5 
440.5 . 445.0 
445.0 . 452.1 
452.1 . 453.4 
453.4 . 460.5 
460.5 . 462.4 
462.4 . 466.0 
466.0 . 471.2 
471.2 . 475.5 
475.5 . 477.2 
477.2 . 480.0 
480.0 . 480.3 
Test hole  41-79 continued 
Depth, i n  f e e t  
Sha le ,  medium gray ,  l i m y  a t  487.2 - 489.1.. .... 480.3 - 489.1 
L i m e s t o n e ,  l i g h t  t o  medium g ray ,  f i n e l y  
Sha le ,  medium g r e e n i s h  g r a y . . . . . . . . . . . . .  ....... 489.1 - 490.3 
Aspinwall Member: 
c r y s t a l l i n e ,  s i l t y ,  impure; c o n t a i n s  a l g a l  
material; in te rbedded  wi th  s h a l e  , medium 
green i sh  gray.  ............................... 490.3 - 493.1 
Towle Member: 
Sha le ,  medium gray wi th  o l i v e  t i n t ,  l i m y  ....... 493.1 - 495.0 
Sha le ,  medium gray wi th  o l i v e  t i n t  ............. 495.0 - 500.0 
S h a l e ,  r edd i sh  brown ........................... 500.0 - 501.0 
Sha le ,  medium gray . .  ........................... 501.0 - 503.0 
157 
T e s t  Role 42-79 
Locat ion:  Pawnee County, SE corner SW SW sec. 16, T .  3 N . ,  R .  1 2  E . ,  
approximately 17 f e e t  no r th  of sou th  sect ion l i n e  and 
273 f e e t  west of q u a r t e r  s e c t i o n  l i n e .  
Ground-level e l e v a t i o n :  1 ,048 f e e t  above mean sea l e v e l .  
S t a r t e d :  J u l y  26, 1979. Completed: J u l y  31, 1979. 
T o t a l  depth: 518.0 f e e t .  
Descr ip t ion  Depth, i n  feet  
Quaternary System: 
S o i l  (no sample) ............................. 0 - 1.0 
s t a i n i n g  ................................... 1 .0  - 9 . 0  
Silt, medium t o  dark t a n ,  s a n d y  .............. 9.0 - 1 2 . 0  
S i l t ,  medium t a n n i s h  brown, sandy ............ 12.0 - 15.5  
S i l t ,  medium t a n n i s h  brown, sandy, c layey .... 15.5  - 21.0 
c o a r s e ,  and g r a v e l ,  very f i n e  t o  medium... . .  25.0 - 43.5 
t o  rcedium gray .  ............................. 43.5 - 47.0 
S h a l e ,  medium gray ........................... 47.0 - 59.3 
S i l t ,  l i g h t  ye l lowish  t a n  wi th  i r o n  
Sand, medium t a n n i s h  brown, very f i n e  t o  
Sand, medium y e l l o w i s h  t a n ,  very f i n e  t o  
Gravel,  very f i n e  t o  coa r se ,  and sand,  
medium t o  coa r se ;  c o n t a i n s  shale ,  l i g h t  
f i n e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21.0 - 25.0 
Pennsylvanian System - V i r g i l  S e r i e s  - Wabaunsee Group: 
Shawnee Group:. 
Severy Formation: 
Topeka Formation: 
Coal Creek Member: 
L i m e s t o n e ,  l i g h t  t o  medium g ray ,  very 
f i n e l y  t o  f i n e l y  c r y s t a l l i n e ,  impure; 
c o n t a i n s  p y r i t e  and abundant brachiopods ... 59.3 - 61.1  
S h a l e ,  medium gray ,  l i m y  ..................... 61.1 - 61.4 
Sha le ,  dark  g ray ,  f i s s i l e . .  .................. 61.4 - 61.7 
S h a l e ,  b l a c k ,  f i s s i l e . .  ...................... 61.7 - 63.8 
c o n t a i n s  brachiopods and c r i n o i d s . .  ........ 63.8 - 65.'0 
Sha le ,  l i g h t  gray . .  .......................... 65.2 - 68.3  
H o l t  Member: 
DuBois Member: 
Limestone, medium g ray ,  f i n e l y  c r y s t a l l i n e ;  
Sha le ,  medium g r a y . . . . . . . . . . . . . . . . . . . . . . . . . . .  65.0 - 65.2 
Turner Creek Member: 
Sheldon Member: 
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T e s t  hole  4 2 - 7 9  continued 
Depth ,  i n  f e e t  
L imes tone ,  v e r y  l i g h t  t o  l i g h t  t a n ,  v e r y  
f i n e l y  t o  f i n e l y  c r y s t a l l i n e ,  pseudo-  
o o l i t i c ;  c o n t a i n s  Osagia and  abundan t  
a lgal  mater ia l . .  ............................. 
c r y s t a l l i n e ;  c o n t a i n s  b r a c h i o p o d s  and 
f u s u l i n i d s . . . . . . .  ............................ 
S h a l e ,  medium t o  d a r k  g r a y ,  l imy  ............... 
L i m e s t o n e ,  medium g r a y ,  v e r y  f i n e l y  
c r y s t a l l i n e ;  c o n t a i n s  b r a c h i o p o d s ,  c r i n o i d s ,  
and  p y r i t e  ................................... 
S h a l e ,  l i g h t  g r a y . . . .  .......................... 
Limes tone ,  medium g r a y ,  v e r y  f i n e l y  t o  f i n e l y  
c r y s t a l l i n e ;  c o n t a i n s  b r a c h i o p o d s  and 
f u s u l i n i d s . .  ................................. 
Limes tone ,  medium g r a y ,  v e r y  f i n e l y  t o  f i n e l y  
c r y s t a l l i n e ;  c o n t a i n s  p y r i t e ,  f u s u l i n i d s ,  
and  abundan t  b r a c h i o p o d s  ..................... 
S h a l e ,  medium g r a y  ............................. 
L i m e s t o n e ,  l i g h t  t o  medium g r a y  w i t h  t a n n i s h  
t i n t ,  v e r y  f i n e l y  t o  f i n e l y  c r y s t a l l i n e ;  
con ta ins  abundant os t racods . . . . . . . . . . .  ....... 
S h a l e ,  l i g h t  g r a y  w i t h  g r e e n i s h  t i n t .  .......... 
Limes tone ,  l i g h t  t o  medium t a n ,  v e r y  f i n e l y  
c r y s t a l l i n e ;  c o n t a i n s  p y r i t e ,  b r a c h i o p o d s ,  
and abundant o s t r acods . . . . . . . . . . . . . . . .  ....... 
S h a l e ,  medium g r a y .  ............................ 
Limes tone ,  medium tannish gray, f i n e l y  
c r y s t a l l i n e ,  p s e u d o - o o l i t i c  i n  p a r t ;  
c o n t a i n s  g a s t r o p o d s ,  b r a c h i o p o d s ,  a l g a l  
material, and abundan t  o s t r a c o d s  and 
Osagia ....................................... 
S h a l e ,  l i g h t  t o  medium g r a y  .................... 
Limes tone ,  medium t a n n i s h  g r a y ,  v e r y  f i n e l y  
Jones P o i n t  Member: 
h r z o n  Member: 
Iowa P o i n t  Member: 
H a r t f o r d  Member: 
Calhoun Forma t ion  : 
Deer Creek  Format i o n  : 
E r v i n e  Creek  Member: 
L i m e s t o n e ,  l i g h t  t o  medium t a n ,  v e r y  f i n e l y  
t o  f i n e l y  c r y s t a l l i n e ;  c o n t a i n s  pseudo-  
o o l i t e s ,  and  a lga l  material .................. 
Limes tone ,  l i g h t  g r a y  w i t h  t a n n i s h  t i n t ,  v e r y  
f i n e l y  t o  f i n e l y  c r y s t a l l i n e ,  s i l t y ,  
L i m e s t o n e ,  l i g h t  cream t o  t a n ,  v e r y  f i n e l y  
s h a l e y ;  c o n t a i n s  c r i n o i d s  and p y r i t e  ......... 
t o  f i n e l y  c r y s t a l l i n e ;  c o n t a i n s  b r a c h i o p o d s ,  
o s t r a c o d s ,  and a l g a l  m a t e r i a l . . . . . . . . . . . . . . . .  
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From -
68.3 - 
71.5 - 
7 2 . 3  - 
73.0 - 
74 .2  - 
76 .2  - 
77.0 - 
78.0 - 
80.5 - 
81.0 - 
81.3 - 
8 2 . 1  - 
8 2 . 4  - 
83.3 - 
8 4 . 2  - 
05.2 - 
TO 
71.5 
72.3 
7 3 . 0  
7 4 . 2  
76 .2  
7 7 . 0  
78.0 
80.5 
81.0 
81.3 
8 2 . 1  
8 2 . 4  
83.3 
84 .2  
8 5 . 2  
87.0 
87.0 - 91.0 
T e s t  hole 42-79 c o n t i n u e d  
Depth, i n  feet  
Limestone, l i g h t  t o  medium t a n n i s h  g ray ,  
very f i n e l y  t o  f i n e l y  c r y s t a l l i n e ,  impure; 
con ta ins  brachiopods,  c r i n o i d s ,  and a l g a l  
material. ................................... 
Limes tone ,  medium g r a y ,  f i n e l y  c r y s t a l l i n e ,  
Sha le ,  l i g h t  t o  medium gray ................... 
Shale ,  medium gray ............................ 
Sha le ,  b l a c k ,  f i s s i l e  ......................... 
Limestone, l i g h t  t o  medium t a n ,  ve ry  f i n e l y  
s h a l e y ;  con ta ins  c r i n o i d s . .  ................. 
L a r s h  Member: 
Rock Bluff Member: 
c r y s t a l l i n e ;  c o n t a i n s  brachiopods . . . . . . . . . . .  
S i l t s t o n e ,  l i g h t  g reen i sh  gray ................ 
Sandstone, l i g h t  g reen i sh  gray.  . . . . . . . . . . . . . . .  
S i l t s t o n e ,  l i g h t  g ray ,  c l a y e y  ................. 
Sha le ,  r edd i sh  brown .......................... 
Oskaloosa ldember: 
Sha le ,  medium gray .  ........................... 
S i l t s t o n e ,  g rad ing  t o  c l a y s t o n e ,  l i g h t  
cream w i t h  r edd i sh  t i n t .  .................... 
Ozawkie Member: 
Limestone, l i g h t  t a n ,  very f i n e l y  c r y s t a l l i n e ;  
c o n t a i n s  rounded q u a r t z  g r a i n s  and abundant 
o s t r a c o d s . . . . . . . . .  .......................... 
Tecumseh Format i o n  : 
S h a l e ,  r edd i sh  brown; interbedded w i t h  t h i n  
l imes tones ,  l i g h t  t a n . . . . . . . . . . . . . . . . . . . . . . .  
S h a l e ,  medium g ray ,  l i m y  ...................... 
Sha le ,  dark  o l i v e  gray ........................ 
S h a l e ,  medium t o  dark o l i v e  gray .............. 
Sha le ,  dark  gray .............................. 
Sha le ,  medium gray ............................ 
Limestone, medium gray ,  f i n e l y  c r y s t a l l i n e ,  
s h a l e y ;  c o n t a i n s  c r i n o i d s  and brachiopods ... 
Shale  , medium gray;  interbedded with 
l imes tone ,  medium g ray ,  f i n e l y  
c r y s t a l l i n e  ................................. 
Limestone, medium g ray ,  f i n e l y  c r y s t a l l i n e ,  
impure; c o n t a i n s  gas t ropods ,  pelecypods,  
brachiopods,  p y r i t e ,  and abundant 
fusulinids.................................. 
Lecompton Formation: 
Avoca Member: 
King H i l l  Member: 
B e i l  Member: 
Sha le ,  l i g h t  g reen i sh  gray .................... 
Limes tone ,  l i g h t  g reen i sh  gray ,  v e r y  f i n e l y  
c r y s t a l l i n e  , s h a l e y ;  c o n t a i n s  brachiopods 
and p y r i t e  .................................. 
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91.0 - 93.0 
93.0 - 93.9 
93.9 - 99.6 
99.6 - 100.0 
100.0 - 101.1  
101.1 - 103.7 
103.7 - 105.0 
105.0 - 107.0 
107.0 - 109.0 
109.0 - 110.3 
110.3 - 113.5  
113.5 - 116.0 
116.0 - 119.3 
119.3 - 123.1 
123.1 - 123.7 
123.7 - 129.0 
129.0 - 131.0 
131.0 - 135.0 
135.0 - 141.0 
141.0 - 141.5 
141.5 - 142.0 
142.0 - 144.5 
144.5 - 146.4 
146.4 - 147.0 
Test h o l e  42-79  c o n t i n u e d  
Dep th ,  i n  feet 
L i m e s t o n e ,  l i g h t  g r e e n i s h  gray ,  v e r y  f i n e l y  
c r y s t a l l i n e ;  c o n t a i n s  Osagia and 
a b u n d a n t  f u s u l i n i d s  and  a lga l  material ...... 
Limes tone  , l i g h t  g r a y ,  v e r y  P i n e l y  
c r y s t a l l i n e ,  c o n t a i n s  a lga l  mater ia l . . . .  .... 
S h a l e ,  l i g h t  g r a y  w i t h  g r e e n i s h  t i n t .  ......... 
S h a l e ,  b l a c k ,  f i s s i l e  ......................... 
L i m e s t o n e ,  medium g r a y ,  v e r y  f i n e l y  
c r y s t a l l i n e  ................................. 
S h a l e ,  medium t o  d a r k  g r a y . . . . . . . . . . . . . . . . . . . .  
L i m e s t o n e ,  l i g h t  g r a y  , f i n e l y  c r y s t a l l i n e ;  
c o n t a i n s  f u s u l i n i d s . .  ....................... 
Shale ,  medium t o  d a r k  g reen i sh  g r a y .  .......... 
L i m e s t o n e ,  l i g h t  t o  medium t a n  w i t h  g r a y  t i n t ,  
f i n e l y  c r y s t a l l i n e ;  c o n t a i n s  f u s u l i n i d s ,  
Osagia, and abundan t  a l g a l  material. ........ 
Queen H i l l  Member: 
B i g  S p r i n g s  Member: 
Doniphan Member: 
S p r i n g  Branch  Member: 
L i m e s t o n e ,  l i g h t  t o  medium t a n ,  f i n e l y  
S h a l e ,  d a r k  g r a y  t o  b l a c k ,  l i m y  ............... 
L i m e s t o n e ,  l i g h t  g r a y ,  f i n e l y  c r y s t a l l i n e ,  
c r y s t a l l i n e  ................................. 
s h a l e y ;  c o n t a i n s  f u s u l i n i d s  and 
b r a c h i o p o d s  ................................. 
Kanwaka F o r m a t i o n :  
L imes tone ,  l i g h t  g r a y ,  f i n e l y  c r y s t a l l i n e ,  
s h a l e y ;  c o n t a i n s  a l g a l  mater ia l  and  
a b u n d a n t  f u s u l i n i d s  ......................... 
Oread F o r m a t i o n :  
R e r e f o r d  Member: 
Limestone, light gray, finely crystalline ..... 
Limes tone ,  l i g h t  g r a y ,  v e r y  f i n e l y  
c r y s t a l l i n e ;  c o n t a i n s  f u s u l i n i d s .  . . . . . . . . . . .  
Limes tone  , l i g h t  g r a y  , v e r y  f i n e l y  
c r y s t a l l i n e  ................................. 
S h a l e ,  medium g r a y ,  l imy  ...................... 
Limes tone ,  l i g h t  t a n n i s h  g r a y ,  v e r y  f i n e l y  
Heumader Member: 
P l a t t s m o u t h  Member: 
c r y s t a l l i n e ;  c o n t a i n s  f u s u l i n i d s ,  Osagia,  
and  a b u n d a n t  a lga l  material . .  ............... 
c r y s t a l l i n e ;  c o n t a i n s  f u s u l i n i d s  and  
L i m e s t o n e ,  l i g h t  t a n n i s h  g ray ,  v e r y  f i n e l y  
L i m e s t o n e ,  l i g h t  t o  medium t a n ,  v e r y  f i n e l y  
b r a c h i o p o d s  ................................. 
t o  f i n e l y  c r y s t a l l i n e ;  c o n t a i n s  f u s u l i n i d s ,  
b r y o z o a n s ,  and b r a c h i o p o d s  . . . . . . . . . . . . . . . . . .  
1 4 7 . 0  - 150.6 
150.6 - 1 5 2 . 1  
1 5 2 . 1  - 153.0 
153.0 - 155.8 
1 5 5 . 8  - 1 5 8 . 2  
1 5 8 . 2  - 158.5 
158.5 - 160.0 
160.0 - 1 6 4 . 3  
1 6 4 . 3  - 165.0 
165.0 - 167.0 
167.0 - 167.9 
167.9 - 1 7 0 . 3  
170.3 - 1 7 1 . 8  
171.8 - 176.0 
176.0 - 180.3 
180.3 - 181.3 
181.3 - 181.5 
181.5 - 185.0 
185.0 - 1 9 0 . 0  
190.0 - 1 9 5 . 0  
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Test h o l e  42-79  c o n t i n u e d  
Depth,  i n  f e e t  
Limestone,  l i g h t  g r a y  w i t h  t a n n i s h  t i n t ,  
v e r y  f i n e l y  t o  f i n e l y  c r y s t a l l i n e ,  
impure;  c o n t a i n s  b r a c h i o p o d s ;  s h a l e y  
lower O . l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S h a l e ,  l i g h t  t o  medium g r a y . . . . . . . . . .  ......... 
S h a l e ,  b l a c k ,  carbonaceous . . . . . . . . . . . . . . . . . . . .  
Limestone,  l i g h t  t o  medium g r a y ,  ve ry  f i n e l y  
t o  f i n e l y  c r y s t a l l i n e ;  c o n t a i n s  b rach iopods .  
S h a l e ,  l i g h t  g r a y . . . . . . . . . .  ................... 
S h a l e ,  r e d d i s h  b r o w n . . . . . . . . . . . . . . . . . . . . . . . . . .  
S h a l e ,  r e d d i s h  brown w i t h  g r e e n i s h  g ray  t i n t . .  
L imes tone ,  v e r y  l i g h t  t a n ,  v e r y  f i n e l y  t o  
f i n e l y  c r y s t a l l i n e ;  c o n t a i n s  O s a  i a  and 
and b rach iopods  ............................. 
Limestone,  v e r y  l i g h t  t a n ,  ve ry  f i n e l y  t o  
f i n e l y  c r y s t a l l i n e ;  i n t e r b e d d e d  w i t h  
Heebner Member : 
Leavenworth Member: 
S n y d e r v i l l e  Member: 
Toron to  Member: 
abundant  f u s u l i n i d s ,  a l g a l  materia _9.f , 
s h a l e ,  r e d d i s h  brown. . .  ..................... 
Douglas Group : 
Lawrence - P l a t t f o r d  Format ions :  
S h a l e ,  l i g h t  t o  medium g r a y . . . . . . . . . . . . . . . ,  . . .  
Limestone ,  t a n ,  i r r e g u l a r l y  c r y s t a l l i n e ,  
p s e u d o - o o l i t i c ;  c o n t a i n s  bryozoans  and 
fusulinids.................................. 
S h a l e ,  r e d d i s h  b r o  w n . . . . . . . . . . . . . . . . . . . . . . . . . .  
S h a l e ,  medium gray m o t t l e d  w i t h  r e d d i s h  
b r o w n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S h a l e ,  medium g r a y . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L imes tone ,  l i g h t  g r a y ,  f i n e l y  c r y s t a l l i n e ;  
con ta ins  b r a c h i o p o d s ,  p y r i t e ,  and 
fusulinids.................................. 
S h a l e ,  medium g r a y . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L imes tone ,  medium g r a y ,  i r r e g u l a r l y  
S h a l e ,  r e d d i s h  brown, l imy .................... 
c r y s t a l l i n e ;  c o n t a i n s  abundant  c r i n o i d s  
and b r a c h i o p o d s ;  i n t e r b e d d e d  w i t h  s h a l e ,  
medium g r a y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
l i m e s t o n e ,  medium g r a y ,  f i n e l y  c r y s t a l l i n e ;  
c o n t a i n s  c r i n o i d s  and b rach iopods  ........... 
S h a l e ,  l i g h t  g r e e n i s h  g r a y . . . . . . . . . . . . . . . . . . . .  
S h a l e ,  r e d d i s h  brown. ......................... 
S h a l e ,  l i g h t  g r e e n i s h  g r a y . . . . . . . . . . . . . . . . . . . .  
S h a l e ,  medium g r a y ;  i n t e r b e d d e d  w i t h  
M i s s o u r i  S e r i e s  - L a n s i n g  Group: 
S t a n t  on Format i o n  : 
Sou th  Bend Member: 
Limes tone ,  l i g h t  t a n  t o  w h i t e ,  v e r y  f i n e l y  
c r y s t a l l i n e ;  c o n t a i n s  c r i n o i d s  and a lga l  
195.0 - 201.3 
201.3 - 201.8  
201.8 - 204.2 
204.2 - 206.0 
206.0 - 212.5 
212.5 - 213.0 
213.0 - 213.4 
213.4 - 214.8  
214.8 - 222.0 
222.0 - 225.0 
225.0 - 225.8  
225.8 - 229.8 
229.8 - 237.0 
237.0 - 240.0 
240.0 - 253.8 
253.8 - 258.1  
258 .1  - 268.9  
268.9 - 273.0 
273.0 - 276.5 
276.5 - 280.0 
280.0 - 281.0 
281.0 - 284.4 
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Test hole 4 2 - 7 9  continued 
Depth, in feet 
material................................. ... 
Shale, light greenish gray, limy .............. 
Limestone, light gray, very finely to 
finely crystalline; contains fusulinids, 
bryozoans, brachiopods, and abundant 
algal material and Osagia. .................. 
Limestone, light gray, very finely to finely 
crystalline; contains gastropods, crinoids, 
bryozoans, pyrite, and abundant fusulinids; 
interbedded with shale, medium gray ......... 
Shale, medium gray. ........................... 
Limestone, very light gray, very finely to 
finely crystalline; contains abundant 
bryozoans, crinoids, and pyrite ............. 
Limestone, very light gray, very finely to 
finely crystalline; contains pyrite ......... 
Shale, light greenish gray, limy .............. 
Shale, light greenish gray; interbedded 
with thin limestones at 308.2 and 309.3... .. 
Limestone, light tan, very finely crystalline; 
contains abundant algal material. ........... 
Shale, light gray...... ....................... 
Limestone, light gray, very finely 
crystalline; contains algal material. ....... 
Shale, light to medium gray; interbedded 
with thin limy zones........................ 
Limestone, light gray, very finely 
crystalline ................................. 
L i m e s t o n e ,  very  light gray to w h i t e ,  very 
finely crystalline; contains algal 
material and bryozoans ...................... 
crystalline; contains brachiopods ........... 
crystalline; contains algal material........ 
Shale, medium gray ............................ 
Rock Lake Member: 
Stoner Member: 
Vilas Formation: 
Plattsburg Formation: 
Limestone, light greenish gray, very finely 
Limestone, very light gray, very finely 
Bonner Springs Formation: 
Wyandotte Formation: 
Shale, light gray ............................. 
Far ley Member : 
Limestone, light to medium tan, very finely 
crystalline; contains bryozoans , algal 
material and chert .......................... 
Limestone, light gray, very finely 
crystalline; contains crinoids and algal 
material... ................................. 
284.4 - 288.3 
288.3 - 291.0 
291.0 - 293.0 
293.0 - 295.0 
295.0 - 297.1 
297.1 - 301.0 
301.0 - 304.7 
304.7 - 306.0 
306.0 - 309.9 
309.9 - 310.8 
310.8 - 311.0 
311.0 - 313.4 
313.4 - 316.4 
316.4 - 318.0 
318.0 - 321.0 
321.0 - 321.5 
321.5 - 323.7 
323.7 - 327.2 
327.2 - 328.2 
328.2 - 330.8 
330.8 - 333.0 
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T e s t  hole 42-79 c o n t i n u e d  
Depth, in feet 
TO -From -
Limestone, very light tan, very finely 
crystalline; contains algal material 
and brachiopods ............................ 
Shale, light gray.................... ........ 
Limestone, light gray, very finely to finely 
crystalline; contains pyrite and algal 
material....... ............................ 
Shale, light gray ............................ 
Limestone, light tan, finely crystalline; 
contains abundant algal material.. . . . . . . . . .  
Limestone, light gray, very finely 
crystalline; contains brachiopods and 
pyrite ..................................... 
crystalline, contains pyrite ............... 
crystalline ................................ 
crystalline, shaley ........................ 
Island Creek Member: 
Argentine Member: 
Limestone, light gray, very finely 
Limestone, light gray, very finely 
Limestone, light gray, very finely 
Quindaro Member: 
Frisbie Member: 
Limestone, light gray, very finely 
Shale, light gray, limy ...................... 
Limestone, light gray to white, very finely 
crystalline; contains pyrite, glauconite, 
brachiopods, and algal material........... . 
Shale, medium gray...... ..................... 
Limestone, very light tan to white, very 
finely to finely crystalline, pseudo- 
oolitic; contains algal material and 
crystalline ................................ 
Lane Formation: 
Iola - Dennis Formations: 
Osagia ..................................... 
Shale, medium gray, limy ..................... 
Limestone, very light gray to white, finely 
crystalline; contains glauconite 
and abundant algal material................ 
Limestone, very light gray to white, very 
finely to finely crystalline; contains 
pseudo-oolites and algal material.......... 
Limestone, very light gray to white, very 
finely to finely crystalline; contains 
fusulinids................................. 
Limestone, very light gray to white, finely 
crystalline, shaley; contains dark gray 
"inclusions" and abundant algal material. .. 
Limestone, very light gray to white, very 
finely to finely crystalline; contains 
algal material. ............................ 
333.0 - 334.3 
334.3 - 336.6 
336.6 - 337.0 
337.0 - 339.1 
339.1 - 341.0 
341.0 - 345.0 
345.0 - 350.0 
350.0 - 353.0 
353.0 - 354.3 
354.3 - 355.0 
355.0 - 355.6 
355.6 - 356.8 
356.8 - 370.1 
370.1 - 371.8 
371.8 - 372.5 
372.5 - 375.0 
375.0 - 380.0 
380.0 - 385.0 
385.0 - 390.0 
390.0 - 400.0 
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T e s t  hole 4 2 - 7 9  cont inued 
Depth,  i n  feet  
To -From -
Limestone,  v e r y  l i g h t  t a n  t o  w h i t e ,  v e r y  
Limes tone ,  v e r y  l i g h t  t a n  t o  w h i t e ,  v e r y  
f i n e l y  c r y s t a l l i n e ;  c o n t a i n s  p y r i t e  ........ 400.0 - 405.0 
b r a c h i o p o d s ,  and a lga l  material ............ 405.0 - 406.7 f i n e l y  c r y s t a l l i n e ;  c o n t a i n s  f u s u l i n i d s ,  
S h a l e ,  l i g h t  g r e e n i s h  g r a y ;  i n t e r b e d d e d  
w i t h  limy zones a t  409.6 - 410.7 and 
411.1 - 411.2 . .  ............................ 406.7 - 4 1 1 . 1  
S h a l e ,  l i g h t  g r e e n i s h  g r a y ;  c o n t a i n s  
S h a l e ,  r e d d i s h  brown; c o n t a i n s  g r a n i t i c  
g r a n i t i c  wash .............................. 411.1  - 4 1 4 . 1  
wash. ...................................... 414.1  - 429.2 
Precambr ian  System: 
G r a n i t i c  rock, w e a t h e r e d . . . . . . . . . . . . .  ........ 429.2 - 440.0 
G r a n i t i c  r o c k ,  f r e s h ;  2 5/16" d i a m e t e r  core 
run  1 - 482.0 - 488.5,  6.5 r e c o v e r e d  
run 2 - 488.5 - 494.5,  6.0 r e c o v e r e d  
t a k e n  a t  i n t e r v a l s :  
run 3 - 512.0 - 518.0, 5.5 r e c o v e r e d  440.0 - 518.0 
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T e s t  B o l e  18-R-79 
Locat ion:  Sheridan County, NW corner  NE NE Npr' NE sec. 24, 
T.  34 N . ,  R .  42 W., approximately 5-10 f e e t  south  
of no r th  s ec t ion  l i n e  and 996 f e e t  east of h a l f  
sect i o n  l i n e .  
Ground-level e l e v a t i o n :  3 ,755 f e e t  above mean s e a  l e v e l .  
S t a r t e d :  J u l y  13, 1979. Completed: J u l y  14 ,  1979. 
To ta l  depth:  610.1 f e e t .  
Descr ip t ion  Depth, i n  f e e t  
To -From 
Quaternary System: 
Topsoi l ,  b lack  ................................. 0 - 3.0 
medium ye l lowish  b r o w n . . . . . . . . . . . . . . . . .  ...... 6 . 0  - 8 . 5  
S u b s o i l ,  s i l t y ,  s l i g h t l y  c l a y e y ,  dark  brown....  3.0 - 6.0 
S i l t ,  s l i g h t l y  c l ayey ,  very s l i g h t l y  s a n d y ,  
T e r t i a r y  System - Miocene S e r i e s  - Arikaree Group: 
S i l t  t o  s i l t s t o n e ,  s l i g h t l y  sandy, s l i g h t l y  
"Upper H a r r i s o n "  Format i o n  : 
t o  moderately c l a y e y ,  l i g h t  ye l lowish  brown 
t o  brown, non t o  v e r y  ca l ca reous  a t  20.0 - 
S i l t ,  s l i g h t l y  t o  moderately sandy, s l i g h t l y  
t o  moderately c l ayey ,  l i g h t  t o  medium 
brown, non t o  very ca l ca reous . .  .............. 70.0 - 94.0 
medium, brown, non t o  very ca l ca reous ;  
in te rbedded  w i t h  sands tone ,  ve ry  f i n e  t o  
medium g r a i n e d ,  a t  105.8 - 110.0. . . .  ......... 100.0 - 120.6 
Sand t o  sands tone ,  very f i n e  t o  f i n e  gra ined  
wi th  traces of medium, brown, non t o  v e r y  
S i l t ,  s l i g h t l y  t o  very sandy, very s l i g h t l y  
t o  moderately c l a y e y ,  brown t o  ye l lowish  
brown, non t o  v e r y  ca l ca reous ;  c o n t a i n s  
s i l t s t o n e s  230.0 - 240.0..................... 163.5 - 249.6 
30.0 and 43.8 - 70.0......................... 8.5  - 70.0 
S i l t ,  sandy t o  very sandy, brown... ............ 94.0 - 100.0 
Sand, very f i n e  t o  f i n e  w i t h  traces of 
Harrison - Monroe Creek Formations: 
calcareous; s l i g h t l y  coarser 140.0 - 146.7. .. 120.6 - 163.5 
Gering Formation: 
Sand t o  sands tone ,  very  f i n e  to f i n e  
g ra ined  with traces of medium, brown 
t o  l i g h t  ye l lowish  brown; sandstone a t  
249.6 - 250.0  con ta in ing  manganese 
s t a i n i n g  ..................................... 249.6 - 290.0 
T e s t  h o l e  18-B-79 Continued 
Depth ,  i n  f e e t  
From - To -
Sand,  f i n e  w i t h  traces of medium and 
coarse, l i g h t  y e l l o w i s h  brown, non t o  v e r y  
c a l c a r e o u s . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . .  290 .0  - 297.0  
S i l t ,  v e r y  sandy ,  v e r y  s l i g h t l y  c l a y e y ,  
y e l l o w i s h  brown, non t o  m o d e r a t e l y  
ca lcareous . . . . . . . . . . . . . . . . . . . . . . . .  ........... 297.0  - 300.0 
Sand,  v e r y  f i n e  t o  f i n e ,  m o d e r a t e l y  t o  
v e r y  s i l t y ,  v e r y  s l i g h t l y  c l a y e y ,  y e l l o w i s h  
brown; i n t e r b e d d e d  w i t h  s a n d s t o n e ,  v e r y  f i n e  
t o  f i n e  g r a i n e d  w i t h  traces of medium, 
v e r y  p a l e  brown, v e r y  calcareous, from 
302.7 - 303.4.  ............................... 300.0 - 310.5 
Ol igocene  S e r i e s  - White  R i v e r  Group: 
Bru le  Format ion:  
Sand,  v e r y  f i n e ,  v e r y  s i l t y ,  brown; 
i n t e r b e d d e d  w i t h  s i l t ,  m o d e r a t e l y  s a n d y ,  
s l i g h t l y  t o  m o d e r a t e l y  c l a y e y ,  brown; v e r y  
S i l t  t o  s i l t s t o n e ,  m o d e r a t e l y  t o  v e r y  s a n d y ,  
s l i g h t l y  c l a y e y ,  brown, non t o  v e r y  
calcareous. .................................. 320.0 - 353.5  
Sand,  v e r y  f i n e  t o  f i n e  w i t h  traces o f  
S i l t  t o  s i l t s t o n e ,  v e r y  s a n d y ,  s l i g h t l y  
Sand,  v e r y  f i n e  t o  f i n e  w i t h  traces of  
S i l t  t o  s i l t s t o n e ,  m o d e r a t e l y  t o  v e r y  
s a n d y ,  brown, non t o  v e r y  ca lcareous . . . . . . . . .  374.2 - 400 .0  
Sand,  v e r y  f i n e  t o  f i n e ,  m o d e r a t e l y  t o  v e r y  
s i l t y ,  brown, non t o  v e r y  ca lcareous . . . . . . . . .  400.0 - 420 .0  
S i l t s t o n e  t o  silt, slightly t o  v e r y  s a n d y ,  
brown t o  y e l l o w i s h  brown, non t o  v e r y  
calcareous; c o n t a i n s  poss ib le  v o l c a n i c  a s h ,  
p a l e  o l i v e  brown, a t  442.0 - 442 .1 . . . .  ....... 420.0 - 465 .5  
Sand t o  s a n d s t o n e ,  v e r y  f i n e  t o  f i n e  w i t h  
traces o f  medium, brown, non t o  v e r y  
calcareous a t  475 .5  - 4 9 0 . 0 . . . . . . . . . . . .  ...... 465.5  - 493.0  
S i l t ,  t o  s i l t s t o n e ,  m o d e r a t e l y  t o  v e r y  sandy ,  
brown t o  y e l l o w i s h  b r o w n . . . . . . . . .  ............ 493.0 - 516.0 
Sand,  v e r y  f i n e  w i t h  silt  i n t e r b e d s ,  p a l e  
S i l t ,  v e r y  sandy ,  v e r y  p a l e  t o  p a l e  brown, 
S i l t ,  v e r y  s l i g h t l y  t o  s l i g h t l y  s a n d y ,  
l imy a t  311.0 - 311.7..................... ... 310.5 - 320.0 
medium, brown. ............................... 353.5 - 357.0 
c l a y e y ,  b rown . . . .  ............................ 357.0 - 361.0  
medium, b r o w n ,  non t o  v e r y  calcareous ........ 361.0 - 374.2  
b r o w n . . . . . . . . .  ............................... 516.0 - 527 .7  
non t o  v e r y  c a l c a r e o u s  upper 2 . 3 ;  c o n t a i n s  
v o l c a n i c  a s h  532.0 - 532.2 . .  ................. 527.7 - 540.0 
s l i g h t l y  t o  modera t e ly  c l a y e y ,  v e r y  p a l e  t o  
p a l e  brown, non t o  m o d e r a t e l y  c a l c a r e o u s  ..... 54cI.O - 610.0 
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T e s t  Hole 24-B-79 
Location: Sheridan Coun ty ,  SW NW SW SW NW sec. 1, T .  30 N . ,  
€2. 42 W., approximately 370 f e e t  n o r t h  of h a l f  s e c t i o n  
l i n e  and 90-100 f e e t  east of w e s t  sect ion l i n e .  
Ground-level e l e v a t i o n :  3,652 f e e t  above mean sea l e v e l .  
S t a r t e d :  August 7 ,  1979. Completed: August 9 ,  1979. 
To ta l  depth:  669 f e e t .  
Desc r ip t ion  Depth, i n  f e e t  
Qua te rna ry  System: 
S o i l ,  sandy (no sample) ....................... 0 -  4.0 
S i l t ,  sandy, ye l lowish  brown .................. 4 .0  - 5 . 7  
T e r t i a r y  System - Pl iocene  S e r i e s  - O g a l l a l a  Group, U n d i f f e r e n t i a t e d :  
Sandstone,  s i l t y ,  p a l e  yellow t o  ye l lowish  
brown; conta ins  r o o t  c a s t s . . . . . . . . . . . . . . . . . .  
S i l t ,  l i g h t  gray; c o n t a i n s  vo lcan ic  a sh .  ...... 
Sandstone,  ye l lowish  brown; c o n t a i n s  r o o t  
c a s t s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sandstone t o  sand ,  v e r y  f i n e  t o  f i n e  
g r a i n e d ,  l i g h t  ye l lowish  brown t o  brown; 
S i l t ,  s l i g h t l y  c l a y e y ,  s l i g h t l y  sandy, p a l e  
Sandstone,  very f i n e  t o  f i n e  g ra ined ,  p a l e  
Sandstone,  f i n e  t o  medium gra ined  wi th  
traces of v e r y  f i n e ,  o l i v e ;  interbedded 
wi th  s i l ts;  c o n t a i n s  g r a v e l  157.7 - 160.0; 
S i l t ,  sandy, s l i g h t l y  c l a y e y ,  p a l e  o l i v e ;  
Sandstone,  f i n e  t o  medium g ra ined ,  p a l e  
c o n t a i n s  root casts i n  p a r t  ................. 
y e l l o w  ...................................... 
brown t o  l i g h t  brownish g r a y . . . . . . . . . . . .  .... 
poor ly  s o r t e d  160.0 - 170.0.  ................ 
in te rbedded  w i t h  s a n d s t o n e . . , . . . . . . . . . . . . . . .  
brown t o  o l i v e  brown; c o n t a i n s  s c a t t e r e d  
S i l t ,  sandy, l i g h t  ye l lowish  b r o w n . . . , . . . . . . . .  
Sandstone, f i n e  t o  coarse gra ined  w i t h  traces 
of very coa r se ,  l i g h t  o l i v e .  brown; c o n t a i n s  
g r a v e l ,  f i n e  t o  medium 240.0 - 257.9. . .  ..... 
S i l t ,  s l i g h t l y  sandy, s l i g h t l y  c l a y e y ,  p a l e  
brown t o  p ink i sh  brown, s l i g h t l y  t o  
very ca l ca reous ;  in te rbedded  w i t h  
s a n d s t o n e . , .  ................................ 
g r a v e l  i n t e r b e d s . . .  ......................... 
168 
5 .7  - 
30.0 - 
35.9 - 
40.0 - 
101.0 - 
104.0 - 
140.0 - 
170.0 - 
176.0 - 
224.9  - 
230.0 - 
257.9 - 
30.0 
35.9 
40.0 
101.0 
104.0 
140.0 
170.0 
176.0 
224.9 
230.0 
257.9 
272.5 
- I 
T e s t  hole  24-B-79 c o n t i n u e d  
Depth,  i n  feet  
S a n d s t o n e ,  f i n e  t o  medium g r a i n e d  w i t h  
traces of g r a v e l ,  v e r y  f i n e  t o  medium, 
l i g h t  p i n k i s h  brown, s l i g h t l y  t o  v e r y  
calcareous. .................................. 
Sand t o  s a n d s t o n e ,  v e r y  fine t o  coarse w i t h  
g r a v e l ,  v e r y  f i n e  t o  medium, pale b rown  ...... 
S a n d s t o n e ,  f i n e  t o  medium g r a i n e d  w i t h  
traces of coarse, pale brown; c o n t a i n s  
S i l t ,  s a n d y ,  l i g h t  y e l l o w i s h  brown t o  pa le  
S a n d s t o n e ,  f i n e  t o  coarse g r a i n e d  w i t h  
S i l t ,  s a n d y ,  s l i g h t l y  c l a y e y ,  pale  r e d d i s h  
S a n d s t o n e ,  v e r y  f i n e  t o  coarse g r a i n e d  
i n t e r b e d d e d  silts and g r a v e l s  ................ 
brown; c o n t a i n s  traces of g r a v e l  lower 6 .0 . .  . 
g r a v e l ,  v e r y  f i n e  t o  f i n e ,  b rown. . .  .......... 
brown; c o n t a i n s  g r a v e l  ....................... 
w i t h  traces of f i n e  g r a v e l ,  brown..  .......... 
Miocene Series - Arikaree Group: 
"Upper H a r r i s o n "  Format ion:  
S i l t s t o n e ,  s l i g h t l y  s a n d y ,  s l i g h t l y  t o  
m o d e r a t e l y  c l a y e y ,  l i g h t  t o  medium y e l l o w i s h  
b r o w n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ........ 
S i l t s t o n e  t o  s i l t ,  s l i g h t l y  s a n d y ,  s l i g h t l y  
t o  moderately c l a y e y ,  l i g h t  y e l l o w i s h  
b r o w n . . . . . . . . . . . . .  ........................... 
S i l t  t o  s i l t s t o n e ,  s l i g h t l y  sandy ,  s l i g h t l y  
c l a y e y ,  v e r y  pa le  brown t o  w h i t e ,  non 
t o  v e r y  c a l c a r e o u s  ........................... 
S i l t s t o n e  t o  s i l t ,  s l i g h t l y  s a n d y ,  l i g h t  
y e l l o w i s h  brown, non t o  s l i g h t l y  
calcareous ................................... 
S i l t s t o n e  to silt, s l i g h t l y  to m o d e r a t e l y  
s a n d y ,  s l i g h t l y  c l a y e y ,  l i g h t  y e l l o w i s h  
brown, non t o  moderately calcareous. . . . . . . . . .  
m o d e r a t e l y  t o  v e r y  calcareous. ............... S i l t s t o n e  t o  silt ,  s a n d y ,  l i g h t  g r a y ,  
S i l t s t o n e  t o  s i l t ,  moderately t o  v e r y  s a n d y ,  
l i g h t  y e l l o w i s h  brown t o  l f g h t  g r a y ,  non 
t o  v e r y  c a l c a r e o u s  ........................... 
S a n d s t o n e  t o  s a n d ,  f i n e  t o  v e r y  coarse 
S i l t s t o n e  t o  s i l t ,  v e r y  s a n d y ,  l i g h t  
g r a i n e d ,  brown ............................... 
Monroe Creek Format ion:  
brownish  gray t o  pale brown, non t o  
s l i g h t l y  c a l c . a r o u s ,  c o n t a i n s  l imy i n t e r b e d s  , 
s a n d y ,  a t  537.7 - 539.6, 546.1 - 550.0, 
560.8 - 564.4, 583.2 - 584.1, 586.4 - 588.0, 
and 589.5 - 590.4. ........................... 
c a l c a r e o u s  ................................... Sand,  s i l t y ,  pale  brown, non t o  s l i g h t l y  
272.5 - 
280.0 - 
295.4 - 
323.5 - 
336.0 - 
346.5 - 
350.5 - 
365.5 - 
390.0 - 
425.3 - 
444.0 - 
450.0  - 
490.0 - 
492.8 - 
517.0 - 
532.0 - 
590.4 - 
280.0 
295.4 
323.5 
336.0 
346.5 
350.5 
365.5 
390.0 
425.3 
444.0 
450.0 
490.0 
492.8 
517.0 
532.0 
590.4 
616.6 
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T e s t  ho le  24-B-79 c o n t i n u e d  
Depth, i n  feet 
To -From -
Oligocene  S e r i e s  - White River Group: 
Brule Formation : 
S i l t  to  s i l t s t o n e ,  moderately sandy, non 
to s l i g h t l y  c l a y e y ,  y e l l o w i s h  brown to  
l i g h t  y e l l o w i s h  b r o w n . . . . . . . .  ................ 616.6 - 669.0 
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T e s t  Bole la-GT-80 
L o c a t i o n :  Boyd County,  SE SW SE sec. 2 4 ,  T. 35 N., R .  15 W . ,  
a p p r o x i m a t e l y  143 feet  n o r t h  of s o u t h  s e c t i o n  l i n e  
and 240 f e e t  w e s t  of east quarter s e c t i o n  l i n e .  
Ground- leve l  e l e v a t i o n :  1,780.0 f e e t  above mean sea l e v e l .  
S t a r t e d :  J u l y  8,  1980. Completed: J u l y  12, 1980. 
Tota l  d e p t h :  758.0 f e e t .  
D e s c r i p t i o n  Depth ,  i n  feet  
Q u a t e r n a r y  System: 
Sand,  v e r y  dark brown, f i n e  g r a i n e d  w i t h  
traces of medium and coarse; c o n t a i n s  
Sand,  y e l l o w i s h  brown, v e r y  f i n e  t o  f i n e  
g r a i n e d  w i t h  small f r a c t i o n  of medium 
and traces of medium t o  coarse . . . . . . . . . . . . . .  
Sand and g r a v e l ,  y e l l o w i s h  brown, s a n d  
coarse t o  v e r y  coarse g r a i n e d ,  g r a v e l  
v e r y  f i n e  t o  medium g r a i n e d ;  c o n t a i n s  
abundant  f e l d s p a r s ;  v e r y  s l i g h t l y  
Sand and g r a v e l  and reworked s h a l e ,  s and  
and g r a v e l  y e l l o w i s h  brown, s a n d  coarse t o  
v e r y  coarse g r a i n e d ,  g r a v e l  v e r y  f i n e  
t o  medium g r a i n e d  w i t h  traces of c o a r s e ;  
reworked s h a l e  d a r k  y e l l o w i s h  brown t o  
abundant  o r g a n i c  ma te r i a l . . . . . . . . . . . .  ....... 
c l a y e y  a t  15.0-20.0................. ........ 
d a r k  g r a y i s h  brown. . .  ....................... 39.0 - 4 1 . 8  
0.0 - 3.0 
3.0 - 5.0 
5.0 - 39.0 
Cretaceous System - Upper C r e t a c e o u s  S e r i e s  - Montana Group: 
P i e r r e  Format ion:  
S h a l e ,  o l i v e  g r a y  t o  d a r k  o l i v e  g r a y ,  h a r d . . . .  
S h a l e ,  v e r y  d a r k  g r a y ,  h a r d ,  s l i g h t l y  f i s s i l e .  
S h a l e ,  v e r y  d a r k  g r a y ,  s o f t  w i t h  i n t e r b e d d e d  
h a r d  l a y e r s ;  c o n t a i n s  t h i n  b e n t o n i t e  
seam a t  112.0 t o  113.0 and v e r y  t h i n  l imy 
zone a t  115.0....................... ........ 
Limestone ,  v e r y  d a r k  g r a y ,  v e r y  f i n e l y  
c r y s t a l l i n e ,  v e r y  t h i n l y  bedded;  c o n t a i n s  
p y r i t e  ...................................... 
S h a l e ,  v e r y  d a r k  g r a y ,  s o f t  w i t h  m o d e r a t e l y  
h a r d  i n t e r b e d s ;  c o n t a i n s  v e r y  t h i n  
b e n t o n i t e  seams a t  323.0-330.0. ............. 
S h a l e ,  d a r k  g r a y  t o  v e r y  d a r k  g r a y  , s o f t  
w i t h  m o d e r a t e l y  h a r d  i n t e r b e d s ;  c o n t a i n s  
o c c a s i o n a l  v e r y  t h i n  l imy i n t e r b e d s  ......... 
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41.8 - 45.0 
45.0 - 80.0 
80.0 - 255.0 
255.0 - 255.6 
255.6 - 340.0 
340.0 - 380.0 
Test h o l e  la-GT-80 c o n t i n u e d  
Depth,  i n  f e e t  
TO 
_. 
From -
S h a l e ,  d a r k  g r a y  t o  v e r y  dark g r a y ,  s o f t  
S h a l e ,  v e r y  d a r k  g r a y  t o  d a r k  g r a y ,  soft 
w i t h  m o d e r a t e l y  h a r d  i n t e r b e d s ;  c o n t a i n s  
o c c a s i o n a l  v e r y  t h i n  l imy i n t e r b e d s  a t  
Limes tone ,  g r a y ,  f i n e l y  c r y s t a l l i n e ,  s o f t ,  
S h a l e  ( t a k e n  from E- log ) ,  v e r y  d a r k  g r a y  t o  
b l a c k ;  i n t e r b e d d e d  w i t h  t h i n  l i m e s t o n e s  
Limes tone ,  g r a y ,  f i n e l y  c r y s t a l l i n e ,  sandy 
S h a l e ,  d a r k  g r a y ,  s l i g h t l y  t o  modera t e ly  l i m y . .  498.0 - 521.0 
w i t h  m o d e r a t e l y  h a r d  i n t e r b e d s . . . .  ........... 380.0 - 430.0 
434.0-466.0...... ............................ 430.0 - 466.0 
s h a l e y  ....................................... 466.0 - 474.0 
g r a y ,  f i n e l y  c r y s t a l l i n e ,  v e r y  s o f t . . . . .  ..... 474.0 - 494.0 
t o  s i l t y ;  c o n t a i n s  p y r i t e  and ostracods.  ..... 494.0 - 498.0 
Colorado  Group : 
N i o b r a r a  Format ion:  
Limes tone ,  d a r k  g r a y  "speckled"  w i t h  w h i t e  
t o  v e r y  l i g h t  brown i n c l u s i o n s ,  f i n e l y  
c r y s t a l l i n e ,  s o f t ,  c h a l k y ;  c o n t a i n s  
p y r i t e  ....................................... 
w h i t e  t o  v e r y  l i g h t  brown i n c l u s i o n s ,  
f i n e l y  c r y s t a l l i n e ,  s o f t ,  c h a l k y  ............. 
Limestone ,  d a r k  o l i v e  g r a y  "speckled"  w i t h  
Limes tone ,  o l i v e  g r a y  " speck led"  w i t h  w h i t e  
Limes tone ,  " speck led"  o l i v e  g r a y  w i t h  
" speck led"  g r a y  i n t e r b e d d e d ,  f i n e l y  
c r y s t a l l i n e ,  s o f t ,  c h a l k y ;  c o n t a i n s  
s c a t t e r e d  f i s h  s c a l e s . . . . . . . . . . . . . . . . . . . . . . . .  
Limes tone ,  l i g h t  t o  d a r k  g r a y  w i t h  "speckled"  
w h i t e  i n c l u s i o n s ,  s o f t ,  c h a l k y ;  c o n t a i n s  
traces of p y r i t e  and p e l e c y p o d s  .............. 
Limestone ,  g r a y  t o  d a r k  g r a y  "speckled"  w i t h  
w h i t e  i n c l u s i o n s ,  f i n e l y  c r y s t a l l i n e ,  s o f t ,  
c h a l k y  ....................................... 
Limestone ,  g r a y  t o  d a r k  g r a y  " speck led"  w i t h  
whi te  i n c l u s i o n s ,  f i n e l y  c r y s t a l l i n e ,  s o f t  
S h a l e ,  v e r y  d a r k  g r a y ,  m o d e r a t e l y  h a r d ,  
s l i g h t l y  t o  m o d e r a t e l y  l imy .................. 
i n c l u s i o n s ,  s o f t ,  cha lky  ..................... 
c h a l k y ,  s l i g h t l y  t o  m o d e r a t e l y  s h a l e y  ........ 
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521.0 - 523.0 
523.0 - 572.0 
572.0 - 618.0 
618.0' - 620.0 
620.0 - 630.0 
630.0 - 652.0 
652.0 - 700.0 
700.0 - 758.0 
T e s t  Hole 2-GT-80 
L o c a t i o n :  Keya P a h a  County,  SE SW NW, sec. 32, T. 35 N., R. 20 W., 
a p p r o x i m a t e l y  2,360 feet south  of n o r t h  s e c t i o n  l i n e  
and  810 feet  east of w e s t  s e c t i o n  l i n e .  
Ground- leve l  e l e v a t i o n :  2,107 feet above mean sea level. 
S t a r t e d :  May 20, 1980. Completed: May 22, 1980. 
T o t a l  d e p t h :  500.0 feet .  
D e s c r i p t i o n  Depth ,  i n  feet  
Quat e r n  a r y  Sys tem : 
T o p s o i l ,  v e r y  d a r k  g r a y i s h  brown, v e r y  
Sand ,  g r a y i s h  brown, v e r y  f i n e  t o  f i n e  
s i l t y  ....................................... 0.0 - 1.0 
Sand ,  d a r k  brown, v e r y  f i n e  g r a i n e d ,  s i l t y  .... 1 .0  - 5.0 
g r a i n e d  w i t h  traces of medium; c o n t a i n s  
traces o f  reworked  sha le ,  d a r k  g r a y  i n  
lower 1.5. .................................. 5.0 - 11.5 
C r e t a c e o u s  Sys tem - Upper C r e t a c e o u s  Series - Montana Group: 
Pierre  Forma t ion :  
S h a l e ,  d a r k  g r a y ,  c l a y e y ,  h a r d  a t  35.0-35.2, 
41.0-41.1, 97.5-98.0, 123.0-123.1, 171.0- 
171.8, 313.0-313.1 ........................... 11.5 - 500.0 
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Test Hole 3-GT-80 
Location: Cherry County, NE SE SW sec: 28, T. 34 N., R. 27 W., 
approximately 975 feet north of south section line 
and 350 feet west of half section line. 
Ground-level elevation: 2,446.0 feet above mean sea level. 
Started: May 28, 1980. Completed: May 30, 1980. 
Total depth; 503.0 feet. 
Description 
Quaternary System: 
Sand, light brown, very fine to fine grained 
with traces of medium; contains quartzitic 
boulders, olive, at 3.0-5.0................. 
Sand to silt, light brown, sand very fine 
Sand, light brown, very fine to fine grained.. 
grained ..................................... 
Tertiary System - Miocene Series - Ogallala Group, 
Silt, light brown, slightly sandy, sand very 
Silt, light olive brown, very clayey .......... 
Sand, yellowish brown, fine grained with 
traces of medium, slightly clayey to 
moderately clayey lower 8.0..... ............ 
Silt, pale yellow, very clayey ................ 
Siltstone, brown, slightly clayey ............. 
Siltstone, light olive brown with pale 
yellow interbedded, very slightly clayey .... 
Undifferentiated: 
fine to fine grained ........................ 
DeDth, in feet 
From 
0.0 
5.0 
10.0 
20.0 
29.0 
30.0 
65.0 
80.0 
85.0 
Tertiary System - Oligocene Series - White River Group: 
Brule Formation: 
Siltstone to silt, light olive gray, 
Siltstone to silt, light to medium olive 
Siltstone to silt, pale olive yellow, 
Siltstone to silt, light to medium olive 
Silt to siltstone, brown, slightly clayey ..... 146.8 
Siltstone to silt, dark yellowish brown, 
Silt to siltstone, light yellowish brown 
slightly clayey ............................. 99.0 
gray, slightly to moderately clayey ......... 105.0 
slightly to moderately clayey ............... 
brown, slightly clayey ...................... 122.0 
slightly clayey ............................. 165.0 
112.0 
with olive tint, moderately clayey .......... 198.0 
To -
- 5.0 
- 10.0 
- 20.0 
- 29.0 
- 30.0 
- 65.0 
- 80.0 
- 85.0 
- 99.0 
- 105.0 
- 112.0 
- 122.0 
- 146.8 
- 165.0 
- 198.0 
- 200.0 
1 7 4  
Test hole 3-GT-80 continued 
Depth, in feet 
To -From 
Siltstone, yellowish brown, very slightly 
clayey ...................................... 
Siltstone to silt, brown, moderately clayey ... 
Siltstone to silt, pale yellow, very clayey ... 
Siltstone to silt, brown, slightly to very 
clayey ...................................... 
Siltstone, yellowish bro wn.................... 
Silt, light olive brown to olive brown, very 
clayey ...................................... 
Siltstone to silt, very pale brown, slightly 
clayey ...................................... 
Siltstone, brown, very slightly to 
moderately clayey ........................... 
Siltstone to silt, olive brown, very 
slightly to moderately clayey ............... 
Siltstone to silt, brown, very slightly 
clayey ...................................... 
Siltstone to silt, greenish gray.............. 
Siltstone, dark greenish gray with traces of 
light bro wn. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Siltstone, light brown with greenish gray 
mottling .................................... 
Siltstone, light to dark greenish gray with 
light pinkish brown interbedded; contains 
traces of black, slightly silty and 
slightly to moderately clayey at 480.0- 
503.0 ....................................... 
200.0 - 280.0 
280.0 - 286.0 
286.0 - 290.5 
290.5 - 300.0 
300.0 - 311.0 
311.0 - 314.0 
314.0 - 320.0 
320.0 - 348.0 
348.0 - 360.0 
360.0 - 428.0 
428.0 - 440.0 
440.0 - 450.0 
450.0 - 460.0 
460.0 - 503.0 
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T e s t  Hole 4-GT-80 
Location: Holt County, KW corner NW NW sec. 6, T. 28  N., R. 11 W., 
approximately 72 feet south of north section line and 
1 5 3  feet east of west section line. 
Ground-level elevation: 1,967.0 feet above mean sea level. 
Started: June 2, 1980. Completed: June 3, 1980. 
Total depth: 503.G feet. 
Description Depth, in feet 
To -From 
Quaternary System: 
Sand, pale brown, medium to coarse grained 
with traces of fine and very coarse; 
0.0 contains yellowish red feldspars ........... 
Sand, pale brown, coarse grained with 
traces of medium and very coarse; contains 
yellowish red feldspars .................... 17.0 
Tertiary System - Miocene Series - Ogallala Group: 
Silt to sand, light greenish gray, sand 
Sand, greenish Gray, very fine grained with 
traces of fine to coarse, silty, clayey; 
contains yellowish red and pale brown 
varients....... ............................ 
Sand, light brown, coarse to very coarse 
grained,clayey in part; contains yellowish 
red feldspars .............................. 
Sandstone, olive gray, fine grained, 
slightly calcareous........................ 
Sand, pale red to yellowish brown, very fine 
to fine grained with small fraction 
medium, slightly clayey; interbedded with 
sandstone, olive gray, fine grained, very 
calcareous.. ............................... 
Sand, light greenish gray, very fine to fine 
grained with coarse fraction in upper 8.0, 
moderately to very clayey, very calcareous. 
to dark olive gray lower 3.0, fine grained, 
very slightly calcareous at bottom to 
Sand to sandstone, medium to dark olive gray, 
sand coarse to very coarse grained, 
sandstone fine to very fine grained, very 
slightly calcareous........................ 
very fine grained, very clayey ............. 
Sandstone, light olive darkening to medium 
moderately calcareous at top ............... 
176 
27.0  
30 .0  
40.0 
42.0 
46.0 
54.0 
65 .0  
80.0 
1 7 . 0  
27 .0  
30.0 
40.0 
42.0 
46.0 
54.0 
65 .0  
80 .0  
J 
T e s t  hole 4-GT-80 c o n t i n u e d  
Depth ,  i n  feet 
To -From 
Sand, dark  t o  medium o l i v e  g r a y ,  v e r y  f i n e  
t o  f i n e  g r a i n e d ,  v e r y  c l a y e y  ................ 
Sand,  l i g h t  t o  medium o l i v e  gray,  m e d i m  t o  
coarse g r a i n e d ;  i n t e r b e d d e d  w i t h  sand-  
s t o n e s ,  v e r y  f i n e  t o  f i n e  g r a i n e d ;  c o n t a i n s  
t h i n  c l a y e y  z o n e s  i n  upper 2.0.............. 
Sand t o  s a n d s t o n e ,  l i g h t  o l i v e  g r a y ,  s a n d  
coarse g r a i n e d ,  s a n d s t o n e  v e r y  f i n e  t o  f i n e  
g r a i n e d ,  v e r y  calcareous; c o n t a i n s  r e d d i s h  
o r a n g e  f e ldspa r s  ............................ 
S a n d s t o n e ,  l i g h t  o l i v e  gray t o  w h i t e ,  f i n e  
g r a i n e d ,  s l i g h t l y  t o  v e r y  c a l c a r e o u s ,  
s l i g h t l y  t o  v e r y  c l a y e y ;  i n t e r b e d d e d  w i t h  
s a n d ,  m e d i u m  t o  coarse g r a i n e d  .............. 
Sand,  o l i v e  gray ,  medium t o  coarse g r a i n e d ;  
i n t e r b e d d e d  w i t h  s a n d s t o n e ,  v e r y  f i n e  t o  
f i n e  g r a i n e d ;  v e r y  calcareous, very s l i g h t l y  
c l a y e y  ...................................... 
Sand,  l i g h t  o l i v e  g r a y ,  v e r y  f i n e  t o  f i n e  
g r a i n e d ,  v e r y  c l a y e y ,  v e r y  calcareous ....... 
S a n d s t o n e ,  l i g h t  o l i v e  g r a y ,  v e r y  f i n e  t o  
f i n e  g r a i n e d ,  v e r y  s l i g h t l y  c l a y e y ,  
m o d e r a t e l y  t o  v e r y  c a l c a r e o u s ;  c o n t a i n s  
sandy  c l a y  a t  150.0-150.5 ................... 
C l a y ,  l i g h t  o l i v e  g r a y ,  v e r y  s a n d y ,  s a n d  
v e r y  f i n e  t o  f i n e  g r a i n e d  ................... 
Sand,  l i g h t  o l i v e  g r a y ,  medium t o  coarse 
g r a i n e d ,  v e r y  s l i g h t l y  t o  m o d e r a t e l y  
c l a y e y ,  s l i g h t l y  t o  v e r y  c a l c a r e o u s ;  
i n t e r b e d d e d  w i t h  s a n d s t o n e ,  v e r y  f i n e  t o  
f i n e  g r a i n e d  ................................ 
S a n d s t o n e ,  l i g h t  o l i v e  g r a y ,  v e r y  f i n e  t o  
fine grained, very slightly clayey, slightly 
t o  v e r y  c a l c a r e o u s . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sand ,  pale  brown, v e r y  f i n e  t o  m e d i u m  
g r a i n e d ,  v e r y  s l i g h t l y  calcareous; i n t e r -  
bedded w i t h  s a n d s t o n e ,  v e r y  f i n e  t o  f i n e  
g r a i n e d  ..................................... 
Sand,  pale brown, v e r y  f i n e  t o  f i n e  g r a i n e d ,  
non t o  v e r y  s l i g h t l y  calcareous. . . . . .  ....... 
S a n d s t o n e ,  pale y e l l o w ,  v e r y  f i n e  t o  f i n e  
g r a i n e d ,  s l i g h t l y  t o  moderately c l a y e y ;  
i n t e r b e d d e d  w i t h  s a n d ,  very f i n e  t o  f i n e  
g r a i n e d  ..................................... 
Sand t o  s a n d s t o n e ,  pale y e l l o w ,  v e r y  f i n e  
t o  f i n e  g r a i n e d ,  s l i g h t l y  t o  moderately 
c l a y e y  ...................................... 
S a n d s t o n e ,  l i g h t  y e l l o w i s h  brown, v e r y  f i n e  
t o  f i n e  g r a i n e d ,  s l i g h t l y  c l a y e y ,  s l i g h t l y  
c a l c a r e o u s  .................................. 
88.0 - 90.0 
90.0 - 100.0 
100.0 - 107.0 
107.0 - 140.0 
140.0 - 144.0 
144.0 - 145.0 
145.0 - 155.0 
155.0 - 160.0 
160.0 - 180.0 
180.0 - 200.0 
200.0 - 220.0 
220.0 - 305.G 
305.0 - 320.0 
320.0 - 340.0 
340.0 - 345.0 
1 7 7  
T e s t  hole  4-GT-80 continued 
Depth, in feet 
Cretaceous System - Upper Cretaceous Series - Montana Group: 
Pierre Formation: 
Shale, yellowish red, weathered............... 
Shale, olive yellow to olive gray to dark 
olive, weathered............................ 
Shale, olive yellow to dark olive gray to 
very dark gray, slightly weathered.......... 
Shale, dark olive gray........................ 
Shale, dark olive gray with yellowish brown, 
soft to slightly fissile.... ................ 
Shale, olive with traces of medium to dark 
gray, soft to slightly fissile.............. 
Shale, dark olive gray to dark gray........... 
Shale, dark olive gray with light olive brown, 
slightly fissile............................ 
Shale, dark gray with traces of light olive 
brown....................................... 
Shale, olive yellow, weathered.. .............. 345 .0  360 .0  
365 .0  
370.0  
390.0  
400 .0  
426 .0  
438.0  
445.0  
488 .0  
- 360.0  - 365 .0  
- 370.0  
- 390.0  - 400 .0  
- 426.0  
- 438 .0  - 445 .0  
- 488 .0  
- 503.0  
T e s t  Hole 5-GT-80 
L o c a t i o n :  Wayne County,  SE SW NE sec. 1 4 ,  T. 26  N., R. 3 E., 
a p p r o x i m a t e l y  525 feet n o r t h  o f  h a l f  sect ion l i n e  
and 1 , 3 0 4  feet east of h a l f  s e c t i o n  l i n e .  
Ground- leve l  e l e v a t i o n :  1 ,498.0 feet above  mean sea l e v e l .  
S t a r t e d :  J u n e  10 ,  1980. Completed: J u n e  1 1 ,  1980. 
T o t a l  d e p t h :  504 .0  f e e t .  
D e s c r i p t i o n  Depth ,  i n  f e e t  -
T o  -From 
Q u a t e r n a r y  Sys tem:  
T o p s o i l ,  d a r k  y e l l o w i s h  brown, v e r y  s i l t y ;  
c o n t a i n s  abundant  o r g a n i c  material . . . . . . . . . .  0 . 0  - 1 . 0  
S i l t ,  y e l l o w i s h  brown, v e r y  s l i g h t l y  c l a y e y  . . .  1 . 0  - 20.0 
S i l t ,  y e l l o w i s h  brown w i t h  l i g h t  r e d d i s h  
t i n t ,  m o d e r a t e l y  c l a y e y  ..................... 20.0  - 37.0 
S i l t ,  y e l l o w i s h  brown w i t h  red  i r o n  s t a i n i n g ,  
m o d e r a t e l y  t o  v e r y  c l a y e y  . . . . . . . . . . . . . . . . . . .  3 7 . 0  - 50.0 
S i l t ,  brown w i t h  r e d d i s h  t i n t ,  m o d e r a t e l y  
t o  v e r y  c l a y e y  .............................. 50.0 - 7 4 . 0  
S i l t ,  l i g h t  b rowni sh  g r a y ,  v e r y  c l a y e y  . . . . . . . .  7 4 . 0  - 8 0 . 0  
S i l t ,  l i g h t  b rowni sh  g r a y ,  s l i g h t l y  s a n d y ,  
m o d e r a t e l y  t o  v e r y  c l a y e y  . . . . . . . . . . . . . . . . . . .  80.0 - 8 2 . 0  
Sand ,  l i g h t  y e l l o w i s h  brown, coarse g r a i n e d  
w i t h  traces of medium ....................... 8 2 . 0  - 85.0 
C l a y ,  l i g h t  y e l l o w i s h  brown, s l i g h t l y  t o  v e r y  
s a n d y  ....................................... 85.0 - 8 6 . 0  
Sand ,  l i g h t  y e l l o w i s h  brown, coarse g r a i n e d  
w i t h  traces of medium and  v e r y  coarse. . . . . . .  86.0  - 88.0 
C l a y ,  l i g h t  y e l l o w i s h  brown, s l i g h t l y  t o  
v e r y  s a n d y  .................................. 88.0 - 89.0 
Sand ,  l i g h t  y e l l o w i s h  brown, coarse g r a i n e d  
w i t h  traces of medium and v e r y  coarse t o  
g r a v e l ,  f i n e  ................................ 89.0 - 99.0  
w i t h  traces of medium t o  coarse, m o d e r a t e l y  
t o  v e r y  c l a y e y  .............................. 99.0 - 103.0 
m o d e r a t e l y  c l a y e y ,  s o f t  ..................... 103.0 - 113.0 
Sand ,  l i g h t  y e l l o w i s h  brown, f i n e  g r a i n e d  
S i l t ,  l i g h t  g r a y  t o  l i g h t  o l i v e  g r a y ,  
S i l t ,  g r a y ,  m o d e r a t e l y  c l a y e y ,  s o f t  . . . . . . . . . . .  113.0 - 1 5 2 . 0  
S i l t ,  g r a y ,  v e r y  c l a y e y .  ...................... 152.0 - 158.0 
Sand,  g r e e n i s h  g r a y ,  medium t o  coarse g r a i n e d  
Sand ,  g r e e n i s h  g r a y ,  v e r y  coarse w i t h  traces 
Sand ,  g r e e n i s h  g r a y ,  medium t o  v e r y  coarse 
w i t h  traces o f  v e r y  coa r se . . . . . . .  . . . . . . . . . . .  158.0 - 1 6 2 . 0  
o f  g r a v e l ,  f i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6 2 . 0  - 1 6 5 . 0  
g r a i n e d  w i t h  traces o f  g r a v e l ,  f i n e  . . . . . . . . .  165.0 - 1 7 8 . 0  
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T e s t  h o l e  5-GT-80 c o n t i n u e d  
Depth ,  i n  f e e t  
Sand,  g r e e n i s h  g r a y ,  coarse t o  v e r y  coarse 
grained w i t h  traces of g r a v e l ,  f i n e  t o  
medium ....................................... 178.0 - 181.0 
Sand,  g r e e n i s h  g r a y ,  f i n e  t o  medium g r a i n e d  . . . .  181.0 - 186.0 
Cretaceous System - Upper Cretaceous S e r i e s  - Colo rado  Group: 
~~ 
Carl i le  Forma t ion :  
S h a l e ,  d a r k  g r a y ,  s o f t ,  t o p  4.0 wea the red .  . . . . .  
S h a l e ,  d a r k  g r a y ,  s o f t ;  c o n t a i n s  v e r y  
t h i n l y  bedded l i m e s t o n e s ,  l i g h t  t a n ,  v e r y  
f i n e l y  c r y s t a l l i n e  ........................... 
S h a l e ,  d a r k  g r a y ,  s o f t ;  c o n t a i n s  v e r y  t h i n l y  
bedded l i m e s t o n e s ,  d a r k  g r a y ,  v e r y  f i n e l y  
c r y s t a l l i n e  .................................. 
S h a l e ,  d a r k  g r a y ,  s o f t ,  l imy ;  c o n t a i n s  
sand,  v e r y  f i n e  g r a i n e d ,  a t  317.0-318.0 . . . . . .  
S h a l e ,  d a r k  g r a y ,  s o f t ;  c o n t a i n s  v e r y  t h i n  
sandy i n t e r b e d s ,  s a n d  v e r y  f i n e .  . . . . . . . . . . . . .  
Limestone ,  d a r k  g r a y i s h  brown, v e r y  f i n e l y  
t o  f i n e l y  c r y s t a l l i n e ,  impure; c o n t a i n s  
p e l e c y p o d s  and c r y s t a l l i n e  ca l c i t e  i n  
p a r t ;  s l i g h t l y  t o  m o d e r a t e l y  s h a l e y  lower 
8.0 .......................................... 
S h a l e ,  d a r k  g r a y ,  s o f t ,  s l i g h t l y  l imy  . . . . . . . . . .  
Greenhorn Format i o n  : 
Graneros Forma t ion :  
S h a l e ,  d a r k  g r a y ,  s o f t ,  s l i g h t l y  t o  
m o d e r a t e l y  l imy  a t  420.0-425.5 . . . . . . . . . . . . . . .  
L i m e s t o n e ,  d a r k  o l i v e  g r a y ,  f i n e l y  
c r y s t a l l i n e ,  impure ;  c o n t a i n s  p y r i t e  . . . . . . . . .  
S h a l e ,  d a r k  g r a y  s o f t ,  l imy  .................... 
L i m e s t o n e ,  d a r k  o l i v e  g r a y ,  f i n e l y  
c r y s t a l l i n e ,  impure ;  c o n t a i n s  p e l e c y p o d s  ..... 
S h a l e ,  d a r k  g r a y ,  s o f t ,  l imy  . . . . . . . . . . . . . . . . . . .  
L i m e s t o n e ,  d a r k  o l i v e  g r a y ,  f i n e l y  
c r y s t a l l i n e ,  impure  .......................... 
S h a l e ,  d a r k  g r a y ,  s o f t ,  l imy  . . . . . . . . . . . . . . . . . . .  
S h a l e ,  d a r k  g r a y ,  s o f t ,  v e r y  s l i g h t l y  
t o  s l i g h t l y  l imy  ............................. 
186.0 
250.5 
265.0 
300.0 
320.0 
370.5 
392.5 
405.0 
425.5 
426.0 
429.0 
430.0 
431.5 
433.0 
440.0 
Lower Cretaceous S e r i e s  - Dakota Group, U n d i f f e r e n t i a t e d :  
v e r y  s h a l e y  .................................. 451.0 
f i n e  g r a i n e d ,  v e r y  s h a l e y  .................... 460.0 
m o d e r a t e l y  s a n d y ,  s a n d  v e r y  f i n e  g r a i n e d ,  
v e r y  s a n d s  a t  473.0-475.0: l i m v  a t  471.0- 
Sand,  d a r k  o l i v e  g r a y ,  v e r y  f i n e  g r a i n e d ,  
S a n d s t o n e ,  d a r k  o l i v e  g r a y ,  v e r y  f i n e  t o  
S h a l e ,  d a r k  o l i v e  g r a y ,  s l i g h t l y  t o  
- 250.5 
- 265.0 
- 300.0 
- 320.0 
- 370.5 
- 392.5 
- 405.0 
- 425.5 
- 426.0 
- 429.0 
- 430.0 
- 431.5 
- 433.0 
- 440.0 
- 451.0 
- 460.0 
- 465.0 
471: 5, 477.0-477.1, and 477.5-477.6.. . . . . . . . .  465.0 - 480.0 
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T e s t  hole 5-GT-80 cont inued  
Depth, i n  feet 
Sandstone,  dark g r a y i s h  brown, very  f i n e  
gra ined ,  s h a l e y ;  very  t i g h t l y  cemented 
a t  491 .0-492.0  .............................. 4 8 0 . 0  - 493.0  
S h a l e ,  dark o l i v e  gray ,  s o f t ;  c o n t a i n s  
sand t o  sandstone ,  very f i n e  gra ined ,  a t  
498.0-502.5.. ............................... 493.0 - 504.0 
18 1 
T e s t  H o l e  6-GT-80 
L o c a t i o n :  Burt  County ,  NE SW NE sec. 6 ,  T. 21 N., R.  9 E., 
a p p r o x i m a t e l y  1740. feet  south o f  n o r t h  s e c t i o n  l i n e ,  
and  1230 f e e t  east o f  w e s t  s e c t i o n  l i n e .  
Ground- leve l  e l e v a t i o n :  1,376.0 feet above  mean sea l e v e l .  
Started: June 16, 1980. Completed: J u n e  17, 1980. 
T o t a l  d e p t h :  504.0 f e e t .  
D e s c r i p t i o n  
Q u a t e r n a r y  Sys tem:  
T o p s o i l ,  v e r y  d a r k  g r a y i s h  brown, v e r y  s i l t y ,  
S i l t ,  brown,  m o d e r a t e l y  c l a y e y  ................ 
S i l t ,  l i g h t  o l i v e  brown, s l i g h t l y  t o  
S i l t ,  l i g h t  o l ive  brown, v e r y  s l i g h t l y  
s a n d y ,  m o d e r a t e l y  t o  v e r y  c l a y e y ;  
S i l t ,  l i g h t  o l i v e  brown, m o d e r a t e l y  
S i l t ,  l i g h t  y e l l o w i s h  brown, m o d e r a t e l y  
S i l t ,  medium t o  d a r k  g r a y i s h  brown, s l i g h t l y  
S i l t ,  l i g h t  y e l l o w i s h  brown, s l i g h t l y  s a n d y ,  
s l i g h t l y  c l a y e y  ............................. 
S i l t ,  l i g h t  o l ive  brown w i t h  medium t o  d a r k  
g r a y ,  v e r y  s l i g h t l y  s a n d y ,  s l i g h t l y  c l a y e y . .  
S i l t ,  dark g r a y ,  s l i g h t l y  s a n d y ,  s l i g h t l y  
c l a y e y  ...................................... 
S i l t ,  l i g h t  y e l l o w i s h  brown w i t h  dark g r a y ,  
Sand and  gravel ,  d a r k  g r a y ,  s a n d  medium t o  
Sand and  g rave l ,  g r a y i s h  brown t o  d a r k  g r a y ,  
C l a y ,  g r a y i s h  brown, moderately s a n d y  ......... 
Sand,  o l i v e  g r a y ,  v e r y  f i n e  t o  medium g r a i n e d ,  
Sand and  gravel, o l i v e  g r a y ,  s a n d  v e r y  f i n e  
t o  v e r y  coarse g r a i n e d ,  g r a v e l  f i n e ,  much 
greater s a n d  f r a c t i o n  162.0-165.0........... 
v e r y  c l a y e y ;  c o n t a i n s  o r g a n i c  material . . . .  .. 
m o d e r a t e l y  c l a y e y  ........................... 
becoming o l i v e  brown lower 7.0...... ........ 
calcareous, s l i g h t l y  t o  m o d e r a t e l y  c l a y e y  ... 
calcareous, v e r y  s l i g h t l y  s a n d y  ............. 
t o  m o d e r a t e l y  s a n d y ,  m o d e r a t e l y  c l a y e y  ...... 
v e r y  s l i g h t l y  s a n d y ,  s l i g h t l y  c l a y e y  ........ 
v e r y  coarse g r a i n e d ,  gravel  f i n e  t o  medium, 
c l a y e y  ...................................... 
sand medium t o  v e r y  coarse g r a i n e d ,  
g r a v e l  f i n e ,  c l a y e y  ......................... 
v e r y  s l i g h t l y  c l a y e y  ........................ 
Depth, i n  f e e t  
To -From -
0 . 0  - 0 . 5  
0.5 - 6.0 
6.0 - 25.0 
25.0 
37.0 
50.0 
65.0 
75.0 
98.0 
114.0 
120.0 
- 37.0 
- 50.0 
- 6 5 . 0  
- 75.0 
- 98.0 
- 114.0 
- 120.0 
- 123.0 
123.0 - 135.0 
135.0 - 145.0 
145.0 - 152.0 
152.0 - 155.0 
155.0 - 183.0 
T e s t  hole 6-GT-80 c o n t i n u e d  
Depth ,  i n  feet 
To -From 
Sand and g r a v e l ,  l i g h t  o l i v e  brown, s a n d  
medium t o  v e r y  coarse g r a i n e d ,  g rave l  
f i n e  t o  medium; c o n t a i n s  i r o n  s t a i n i n g  . . . .  
Sand and  g rave l ,  o l i v e  g r a y  t o  y e l l o w i s h  
brown, s a n d  f i n e  t o  v e r y  coarse g r a i n e d ,  
g r a v e l  v e r y  f i n e  t o  medi urn................ 
S i l t ,  l i g h t  g r a y ,  s o f t ,  s l i g h t l y  c l a y e y  . . . . .  
S i l t ,  l i g h t  and d a r k  g r a y ,  s o f t  t o  h a r d  and 
S i l t ,  v a r i c o l o r e d ,  l i g h t  g r a y  t o  d a r k  g r a y  
m o d e r a t e l y  c l a y e y  ......................... 
t o  l i g h t  p i n k i s h  g r a y ,  s l i g h t l y  c l a y e y  . . . .  
S i l t ,  l i g h t  p i n k i s h  g r a y ,  c l a y e y  . . . . . . . . . . . .  
S i l t ,  l i g h t  g r a y  w i t h  traces o f  b l a c k ,  
s l i g h t l y  c l a y e y ;  c o n t a i n s  s a n d ,  v e r y  f i n e  
g r a i n e d ,  from 262.0-265.0 ................. 
b l a c k ,  s l i g h t l y  c l a y e y  .................... 
m o d e r a t e l y  c l a y e y  ......................... 
b l a c k ,  s l i g h t l y  c l a y e y  .................... 
S i l t ,  l i g h t  p i n k i s h  g r a y  w i t h  traces o f  
S i l t ,  l i g h t  g r a y  w i t h  traces o f  b l a c k ,  
S i l t ,  l i g h t  o l i v e  g r a y  w i t h  traces of 
S i l t ,  p a l e  brown w i t h  traces of b l a c k ,  
S i l t ,  p a l e  r e d d i s h  brown w i t h  traces o f  
s l i g h t l y  calcareous and  c l a y e y  ............ 
b l a c k ,  becoming l i g h t  r e d d i s h  brown below 
306.0 ..................................... 
S i l t ,  p a l e  o l i v e  w i t h  traces o f  b l a c k ,  l imy  
S i l t ,  l i g h t  g r a y  w i t h  traces o f  b l a c k ,  
S i l t ,  l i g h t  r e d d i s h  g r a y  w i t h  traces o f  
S i l t ,  l i g h t  g r a y  w i t h  traces of b l a c k ,  
S i l t ,  l i g h t  g r a y  m o t t l e d  w i t h  d a r k  g r a y  and  
S i l t ,  l i g h t  g r a y  m o t t l e d  w i t h  d a r k  g r a y ,  
a t  312.0-313.0, s l i g h t l y  c l a y e y  . . . . . . . . . . .  
s l i g h t l y  c l a y e y  ........................... 
black, clayey ............................. 
s l i g h t l y  c l a y e y  ........................... 
l i g h t  y e l l o w i s h  g r a y ,  c l a y e y  .............. 
c l a y e y  .................................... 
183.0 - 
190.0 - 
195.0 - 
215.0 - 
250.0 - 
255.0 - 
258.0 - 
280.0 - 
283.0 - 
290.0 - 
300.0 - 
305.0 - 
308.0 - 
313.0 - 
322.0 - 
330.0 - 
339.0 - 
343.0 - 
190.0 
195.0 
215.0 
250.0 
255.0 
258.0 
280.0 
283.0 
290.0 
300.0 
305.0 
308.0 
313.0 
322.0 
330.0 
339.0 
343.0 
344.0 
Cretaceous System - Lower Cretaceous Series - Dakota Group, 
U n d i f f e r e n t i a t e d :  
Sand ,  l i g h t  brownish  g r a y ,  v e r y  f i n e  t o  
Sand,  l i g h t  brownish  g r a y ,  v e r y  f i n e  t o  
f i n e  g r a i n e d ,  s l i g h t l y  s h a l e y  . . . . . . . . . . . . .  344.0 - 360.0 
f i n e  grained w i t h  traces of medium, v e r y  
s l i g h t l y  s h a l e y ;  c o n t a i n s  s h a l e ,  l i g h t  
g r a y  mottled w i t h  d a r k  g r a y i s h  brown, a t  
373.0-373.5 ............................... 344.0 - 420.0 
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T e s t  h o l e  6-GT-80 c o n t i n u e d  
Depth ,  i n  feet  
Sand, l i g h t  g r a y i s h  brown, f i n e  g r a i n e d  w i t h  
traces of v e r y  f i n e  and medium, s l i g h t l y  t o  
modera t e ly  s h a l e y ,  shale  v a r i c o l o r e d  l i g h t  
and d a r k  g r a y  and r e d d i s h  brown. . . . . . . . . . . . .  420.0 - 462.0  
Pennsy lvan ian  System - D e s  Moines S e r i e s  - Marmaton Group, 
U n d i f f e r e n t i a t e d  : 
S h a l e ,  l i g h t  g r a y  m o t t l e d  w i t h  red and v e r y  
S h a l e ,  l i g h t  r e d d i s h  g r a y  m o t t l e d  w i t h  
S h a l e ,  l i g h t  r e d d i s h  brown i n t e r b e d d e d  w i t h  
S h a l e ,  l i g h t  o l i v e  brown i n t e r b e d d e d  w i t h  
S h a l e ,  l i g h t  b rowni sh  g r a y  t o  l i g h t  g r a y . . . . . .  
S h a l e ,  r e d d i s h  brown mottled w i t h  l i g h t  g r a y ,  
sandy ....................................... 
S h a l e ,  y e l l o w i s h  brown w i t h  r e d d i s h  t i n t ,  
sandy ....................................... 
S h a l e ,  brown t o  g r a y i s h  b r o w n . . . . . . . . . . . . . . . . .  
S h a l e ,  y e l l o w i s h  r e d  m o t t l e d  w i t h  l i g h t  g r a y . .  
d a r k  g r a y ,  s andy ;  c o n t a i n s  traces of o l i v e  
shale lower 8.0......................... .... 
l i g h t  and d a r k  g r a y ,  s andy  .................. 
v e r y  d a r k  g r a y ,  s andy  ....................... 
v e r y  d a r k  g r a y ,  sandy ....................... 
462.0 - 478.0 
478.0  - 480.0 
480.0 - 485.0 
485.0 - 487.0 
487.0  - 492.0 
492.0  - 495.0  
495.0  - 497 .0  
497.0 - 500.0 
500.0 - 504.0  
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T e s t  Hole 7-GT-80 
L o c a t i o n :  Dodge Coun ty ,  SW MV NW sec. 3 2 ,  T. 18 N . ,  R .  8 E . ,  
a p p r o x i m a t e l y  1 ,210  feet s o u t h  of n o r t h  section l i n e  
a n d  445 feet east of w e s t  s e c t i o n  l i n e .  
G r o u n d - l e v e l  e l e v a t i o n :  1 ,218  feet a b o v e  mean sea l e v e l .  
S t a r t e d :  J u n e  18, 1980. Completed: J u n e  2 0 ,  1980. 
T o t a l  d e p t h :  503.0 feet .  
D e s c r i p t i o n  
Q u a t e r n a r y  Sys t em:  
T o p s o i l ,  v e r y  d a r k  brown,  v e r y  s i l t y ,  v e r y  
s l i g h t l y  c l a y e y ;  c o n t a i n s  o r g a n i c  material . . .  
S i l t ,  d a r k  brown,  s l i g h t l y  t o  m o d e r a t e l y  
c l a y e y  ....................................... 
S i l t ,  y e l l o w i s h  brown,  m o d e r a t e l y  c l a y e y  ....... 
S i l t ,  y e l l o w i s h  brown,  v e r y  c l a y e y ,  v e r y  
s l i g h t l y  s a n d y  ............................... 
S a n d ,  g r a y i s h  brown,  f i n e  g r a i n e d  w i t h  traces 
of v e r y  f i n e  and  medium, s l i g h t l y  c l a y e y  . . . . .  
S a n d ,  g r a y i s h  brown,  coarse t o  v e r y  coarse 
g r a i n e d  w i t h  traces of f i n e  a n d  medi urn....... 
S i l t ,  l i g h t  y e l l o w i s h  brown .................... 
S i l t ,  d a r k  g r a y  t o  d a r k  g r a y i s h  
brown ........................................ 
S a n d ,  g r a y i s h  brown,  f i n e  g r a i n e d  w i t h  traces 
of v e r y  f i n e ;  c o n t a i n s  coal f r a g m e n t s  
69.0-69.1 .................................... 
S i l t ,  l i g h t  b r o w n i s h  g r a y ,  m o d e r a t e l y  clayey . . .  
S i l t ,  g r a y i s h  brown,  s l i g h t l y  t o  m o d e r a t e l y  
c l a y e y ,  l i g h t  g r a y  b e l o w  83.0 . . . . . . . . . . . . . . . .  
Sand, g r a y i s h  brown,  v e r y  f i n e  t o  f i n e  g r a i n e d ;  
c o n t a i n s  r eworked  s h a l e  f r a g m e n t s  . . . . . . . . . . . .  
S i l t ,  g r a y i s h  brown,  s l i g h t l y  t o  m o d e r a t e l y  
c l a y e y ;  c o n t a i n s  r eworked  s h a l e  f r a g m e n t s  . . . .  
S i l t ,  l i g h t  g r a y  t o  g r a y ,  s l i g h t l y  t o  
m o d e r a t e l y  c l a y e y ;  c o n t a i n s  r eworked  s h a l e  ... 
D e p t h ,  i n  feet  
From - - T o  
0 . 0  
2 . 0  
5.0 
9 . 0  
18.0 
2 4 . 0  
31.0 
49.0 
59.0 
69.1 
75.0 
8 4 . 0  
85.0 
89.0 
2 . 0  
5.0 
9.0  
18.0 
2 4 . 0  
31.0 
49.0 
59.0 
69.1 
75.0 
8 4 . 0  
8 5 . 0  
89.0 
93.0 
Cretaceous Sys tem - Lower Cretaceous S e r i e s  - D a k o t a  Group,  
U n d i f f e r e n t i a t e d :  
S h a l e ,  l i g h t  y e l l o w i s h  brown . . . . . . . . . . . . . . . . . . .  93.0 - 95.0 
S h a l e ,  l i g h t  g r a y  .............................. 95.0 - 105.0 
S h a l e ,  g r a y i s h  brown ........................... 105.0 - 114.0 
S h a l e ,  l i g h t  g r a y  t o  w h i t e  ..................... 1 1 4 . 0  - 119.0 
S h a l e ,  r e d d i s h  brown ........................... 119.0 - 121.0 
S h a l e ,  g r a y i s h  brown . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 1 . 0  - 1 2 2 . 0  
S h a l e ,  g r a y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 2 . 0  - 1 2 8 . 0  
S h a l e ,  l i g h t  g r a y  t o  g r a y  ...................... 128.0 - 1 3 4 . 0  
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T e s t  hole 7-GT-80 continued 
D e p t h .  i n  f e e t  
To . From 
S h a l e .  g r a y .  s l i g h t l y  s a n d y .  s a n d  v e r y  f i n e  
g r a i n e d ;  in terbedded w i t h  s and .  s l i g h t l y  
s h a l e y .  a t  134.5-136.5 ....................... 
S a n d .  g r a y .  v e r y  f i n e  g r a i n e d .  s l i g h t l y  
s h a l e y  ....................................... 
S h a l e .  g r a y .  s l i g h t l y  s a n d y .  s and  v e r y  f i n e  
g r a i n e d  ...................................... 
Sand. g r a y .  v e r y  f i n e  g r a i n e d .  s l i g h t l y  s h a l e y  . 
S h a l e .  g r a y .  s l i g h t l y  sandy.  s a n d  very f i n e  
g r a i n e d ;  in te rbedded  w i t h  s and .  v e r y  f i n e  
gra ined  ...................................... 
Sand. p a l e  brown. v e r y  f i n e  g r a i n e d .  m o d e r a t e l y  
s h a l e y  ....................................... 
S h a l e .  g r a y .  v e r y  s l i g h t l y  s a n d y  . . . . . . . . . . . . . . .  
S a n d .  pale brown. v e r y  f i n e  g ra ined .  v e r y  
s l i g h t l y  micaceous ........................... 
S h a l e .  g r a y .  v e r y  s l i g h t l y  s a n d y  . . . . . . . . . . . . . . .  
Sand. pale  brown.  v e r y  f i n e  g r a i n e d .  v e r y  
s l i g h t l y  m i c a c e o u s  ........................... 
S h a l e .  v e r y  l i g h t  g r a y  ......................... 
S h a l e .  r e d d i s h  brown ........................... 
S h a l e .  r e d d i s h  brown ........................... 
S h a l e .  l i g h t  r e d d i s h  g r a y  ...................... 
S h a l e .  l i g h t  g r a y  .............................. 
S h a l e .  v e r y  l i g h t  g r a y  w i t h  t races  of r e d d i s h  
brown ........................................ 
S h a l e .  y e l l o w i s h  red w i t h  l i g h t  g r a y  i n t e r -  
bedded ........................................ 
S h a l e .  l i g h t  b r o w n i s h  g r a y  ..................... 
S h a l e .  g r a y i s h  brown t o  l i g h t  g r a y i s h  b rown;  
S h a l e .  v e r y  l i g h t  g r a y  t o  w h i t e  . . . . . . . . . . . . . . . .  
S h a l e .  weak r ed  ................................ 
S h a l e .  brown ................................... 
S h a l e .  l i g h t  o l i v e  brown ....................... 
c o n t a i n s  t h i n  s a n d y  i n t e r b e d s  220.0-245.0 . . . .  
S h a l e .  g r a y  mott led w i t h  weak r e d  . . . . . . . . . . . . . .  
S h a l e .  l i g h t  y e l l o w i s h  brown . . . . . . . . . . . . . . . . . . .  
m o d e r a t e l y  s h a l e y  ............................ S a n d .  l i g h t  y e l l o w i s h  brown. v e r y  f i n e  g r a i n e d .  
S a n d .  g r a y .  v e r y  f i n e  g ra ined .  m o d e r a t e l y  
S a n d .  l i g h t  b r o w n i s h  g r a y .  v e r y  f i n e  g r a i n e d .  
S h a l e .  g r a y .  s l i g h t l y  s a n d y ;  c o n t a i n s  t h i n  
S h a l e .  brown. v e r y  s l i g h t l y  s a n d y ;  c o n t a i n s  
S h a l e .  l i g h t  g r a y .  v e r y  s l i g h t l y  s a n d y ;  
s h a l e y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
m o d e r a t e l y  s h a l e y  ............................ 
s a n d y  i n t e r b e d s .  s a n d  v e r y  f i n e  . . . . . . . . . . . . . .  
t h i n  s a n d y  i n t e r b e d s .  s a n d  v e r y  f i n e  . . . . . . . . .  
c o n t a i n s  t h i n  s a n d y  i n t e r b e d s .  s a n d  v e r y  
f i n e  ......................................... 
134.0 . 140.0 
140.0 . 142.0 
142.0 
143.0 
. 143.0 
. 146.0  
146 .0  . 171.0  
171.0 
180.5 
. 180.5  
. 182.0 
182 .0  
186.0 
. 186.0  
. 188.0 
. 189.0 
. 192.5  
. 193.5 
. 194.5 
. 197.0  
. 202.0 
188.0 
189.0 
192.5 
193 .5  
194.5 
197.0 
202.0 . 203.5 
203.5 
206.0 
. 206.0 
. 208.0 
208.0 
248.0 
248.5 
251.0 
252.0 
254.0 
255.0 
. 248.0 
. 248.5 
. 251.0 
. 252.0 
. 254.0 
. 255.0 
. 256.5 
256.5 . 258.0 
258.0 . 267.0 
267.0 . 270.0 
270.0 . 275.0 
275.0 . 279.0 
279.0 . 291.0 
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T e s t  h o l e  7-GT-80 cont inued  
D e p t h ,  i n  f e e t  
S h a l e ,  r e d d i s h  b rown ,  v e r y  s l i g h t l y  s a n d y ;  
c o n t a i n s  t h i n  s a n d y  i n t e r b e d s ,  s a n d  v e r y  
f i n e  ......................................... 
S h a l e ,  y e l l o w i s h  b r o w n ,  v e r y  s l i g h t l y  s a n d y ;  
c o n t a i n s  t h i n  s a n d y  i n t e r b e d s ,  s and  v e r y  
f i n e  ......................................... 
S h a l e ,  y e l l o w i s h  r e d ,  v e r y  s l i g h t l y  s a n d y ;  
c o n t a i n s  t h i n  s a n d y  i n t e r b e d s ,  s a n d  v e r y  
f i n e  ......................................... 
S h a l e ,  s t r o n g  brown t o  b r o w n ,  v e r y  s l i g h t l y  
s a n d y ;  c o n t a i n s  t h i n  s a n d y  i n t e rbeds ,  s a n d  
v e r y  f i n e  .................................... 
S h a l e ,  y e l l o w i s h  brown w i t h  o l i v e  t i n t ,  v e r y  
s l i g h t l y  s a n d y ;  c o n t a i n s  t h i n  s a n d y  i n t e r -  
beds ......................................... 
S h a l e ,  l i g h t  o l i v e  b r o w n ,  v e r y  s l i g h t l y  
s a n d y ;  c o n t a i n s  t h i n  s a n d y  i n t e rbeds  . . . . . . . . .  
S h a l e ,  v e r y  l i g h t  g r a y ,  v e r y  s l i g h t l y  s a n d y ;  
c o n t a i n s  t h i n  s a n d y  i n t e r b e d s  ................ 
S h a l e ,  g r a y  t o  d a r k  g r a y ,  v e r y  s l i g h t l y  
s a n d y ;  c o n t a i n s  t h i n  s a n d y  i n t e rbeds  . . . . . . . . .  
S h a l e ,  mottled pa l e  brown,  v e r y  c l a y e y  . . . . . . . . .  
S h a l e ,  g r a y i s h  brown ........................... 
S h a l e ,  l i g h t  o l i v e  brown ....................... 
S h a l e ,  g r a y  mot t led  w i t h  g r a y i s h  brown . . . . . . . . .  
From 
291.0 
299.0 
306.0 
309.0 
315.0 
316.0 
316.5 
318.0 
326.0 
330.0 
337.0 
343.0 
P e n n s y l v a n i a n  S y s t e m  - Missouri  Series - K a n s a s  C i t y  Group: 
L a n e  Forma t  i o n  : 
Io l a  Format i o n  : 
S h a l e ,  g r e e n i s h  g r a y ,  v e r y  s l i g h t l y  l i m y  . . . . . . .  
L i m e s t o n e ,  l i g h t  b r o w n i s h  g r a y ,  v e r y  f i n e l y  
t o  f i n e l y  c r y s t a l l i n e ;  c o n t a i n s  Osagia a n d  
a lga l  material  i n  p a r t ,  s l i g h t l y  s h a l e y  . . . . . .  
L i m e s t o n e ,  l i g h t  g r a y ,  v e r y  f i n e l y  t o  f i n e l y  
c r y s t a l l i n e ;  c o n t a i n s  c r i n o i d s ,  f u s u l i n i d s ,  
and b r y o z o a n s ;  v e r y  s h a l e y  lower 1.0 . . . . . . . . .  
S h a l e ,  b l a c k ,  s o f t  ............................. 
Shale ,  g r e e n i s h  g r a y . . . . .  ...................... 
C h a n u t e  Formation: 
Drum Forma t  i o n  : 
L i m e s t o n e ,  pale  brown,  v e r y  f i n e l y  t o  f i n e l y  
c r y s t a l l i n e ;  c o n t a i n s  a lga l  material and 
Osagia i n  par t ,  becoming abundant  lower 0.5.. 
L i m e s t o n e ,  pa le  b rown ,  f i n e l y  t o  i r r e g u l a r l y  
c r y s t a l l i n e ;  c o n t a i n s  abundant a lgal  
material  and traces o f  g l a u c o n i t e ;  s h a l e y  
lower 2 . 0  .................................... 
c o n t a i n s  a b u n d a n t  a lga l  mater ia l ,  t races  o f  
p y r i t e ,  f u s u l i n i d s ;  v e r y  s h a l e y  . . . . . . . . . . . . . .  
L i m e s t o n e ,  pa l e  b rown ,  f i n e l y  c r y s t a l l i n e ;  
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To 
_. 
- 299.0 
- 306.0 
- 309.0 
- 315.0 
- 316.0 
- 316.5 
- 318.0 
- 326.0 
- 330.0 
- 337.0 
- 343.0 
- 347.0 
347.0 - 350.0 
350.0 - 352.0 
352.0 - 357.5 
357.5 - 358.5 
358.5 - 363.0 
363.0 - 364.8 
364.8 - 372.0 
372.0 - 373.0 
Test hole 7-GT-80 c o n t i n u e d  
Depth, in feet 
To -From 
Quivira Format ion : 
Sarpy Formation: 
Shale, greenish gray, moderately to very limy.. 373.0 - 376.0 
Westerville Member: 
Limestone, light tannish gray, irregularly 
crystalline; contains fusulinids; very 
shaley ....................................... 376.0 - 377.8 
Shale, greenish gray ........................... 377.8 - 379.0 
Limestone, light tannish gray; irregularly 
crystalline, soft; contains abundant algal - 
material, 0sagia.l ........................... 379.0 - 379.3 
Limestone, light tannish gray, irregularly 
crystalline; contains pyrite; shaley . . . . . . . . .  
crystalline, very shaley, shale varicolored.. 
Limestone, light tannish gray, irregularly 
Shale, black, fissile; contains carbonaceous 
Wea Member: 
material ..................................... 
Shale, dark gray to dark greenish gray. . . . . . . . .  
Fontana Formation: 
Dennis Formation: 
Winterset Member: 
Limestone, light gray to cream, very finely 
crystalline; contains abundant algal 
379.3 - 380.0 
380.0 - 384.5 
384.5 - 387.0 
387.0 - 397.0 
material, Osagia, pseudo-oolites . . . . . . . . . . . . .  
Limestone, light greenish gray, very finely 
397.0 - 400.0 
to finely crystalline; contains traces 
of algal material, pyrite; very shaley 
401.3-401.7 .................................. 
Shale, gray, moderately to very limy . . . . . . . . . . .  
Shale, gray, slightly limy ..................... 
Limestone, light tannish gray, very finely 
to finely crystalline, very shaley . . . . . . . . . . .  
Limestone, very dark gray, very finely to 
finely crystalline; contains crinoids, 
pyrite; shaley at 417.0-418.5. . . . . . . . . . . . . . . .  
Shale, gray, limy .............................. 
Shale, black, fissile .......................... 
Wea Member: 
Block Member: 
Shale, medium to dark gray; interbedded with 
limestone, bluish gray, very finely 
crystalline .................................. 
Galesburg Formation: 
Swope Formation: 
Shale, dark gray ............................... 
Bethany Falls Member: 
Limestone, light gray to light greenish gray, 
very finely to finely crystalline; contains 
ostracods; shaley upper 0.5 . . . . . . . . . . . . . . . . . .  
400.0 - 405.5 
405.5 - 409.0 
409.0 - 413.0 
413.0 - 416.0 
416.0 - 419.5 
419.5 - 422.0 
422.0 - 423.0 
423.0 - 427.6 
427.6 - 431.2 
431.2 - 434.0 
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T e s t  hole 7-GT-80 c o n t i n u e d  
Depth,  i n  fee t  
To -From 
S h a l e ,  g r a y ;  i n t e r b e d d e d  w i t h  t h i n  l imy 
zones at  434.5,  434.6 ,  436.0,  and 438.0 ,  
v e r y  l imy a t  438.5-439.7 .................... 434.0 - 439.7 
Limestone ,  l i g h t  brownish  g r a y ,  v e r y  f i n e l y  
t o  f i n e l y  c r y s t a l l i n e ;  c o n t a i n s  o s t r a c o d s  . . .  439.7  - 447.0 
S h a l e ,  b l a c k , f i s s i l e  .......................... 447.0 - 447.5 
S h a l e ,  g r a y ,  s l i g h t l y  l imy .................... 447.5 - 451.0  
L i m e s t o n e ,  l i g h t  brownish  g r a y ,  v e r y  f i n e l y  
Hushpuckney Member: 
Ladore Format ion  : 
H e r t h a  Format ion:  
c r y s t a l l i n e ,  s i l t y  .......................... 451.0 - 456.8 
D e s  Moines S e r i e s  - Marmaton Group, U n d i f f e r e n t i a t e d :  
S h a l e ,  pale  brown, v e r y  s l i g h t l y  l imy ......... 456.8 - 
S h a l e ,  d a r k  brown ............................. 458.0 - 
S h a l e ,  g r a y i s h  brown, v e r y  s l i g h t l y  l imy ...... 460.0  - 
S h a l e ,  d a r k  brown, s l i g h t l y  l imy  .............. 462.0 - 
S h a l e ,  g r a y i s h  brown, s l i g h t l y  l imy ........... 463.0  - 
S h a l e ,  r e d d i s h  brown, l imy .................... 465.0  - 
Limestone, l i g h t  g r a y ,  s l i g h t l y  s h a l e y . .  . . . . . . 476.0  - 
S h a l e ,  l i g h t  g r a y ,  l imy  ....................... 478.5 - 
S h a l e ,  d a r k  g r a y . .  ............................ 479.6 - 
S h a l e ,  g r a y  t o  l i g h t  brownish  g r a y ;  c o n t a i n s  
l imy zones, more l imy lower 1 . 5 . . . . . . . . . . .  .. 481.5 - 
Limes tone ,  l i g h t  b l u i s h  g r a y ,  f i n e l y  c r y s t a l -  
l i n e ,  h a r d  .................................. 488 .0  - 
S h a l e ,  d a r k  r e d d i s h  brown; c o n t a i n s  
s c a t t e r e d  l imy zones . . . . . . . . . . . . . . . . . . . . . . . .  490.0  - 
Limestone ,  l i g h t  g r a y ,  s l i g h t l y  s h a l e y  ........ 494.5 - 
Limestone ,  l i g h t  gray, s l i g h t l y  t o  moderately 
s h a l e y  ...................................... 495.5 - 
S h a l e ,  d a r k  r e d d i s h  brown, l imy ............... 497.5 - 
Limestone ,  l i g h t  g r a y ,  v e r y  f i n e l y  c r y s t a l -  
l i n e ;  c o n t a i n s  abundant  algal mater ia l ,  
p s e u d o - o o l i t e s , a n d  O s a g i a  ................... 501.0  - 
S h a l e ,  d a r k  g r a y  t o  d a r k  g r e e n i s h  g r a y ,  l i m y . .  502.5 - 
458.0  
460.0  
462.0 
463.0 
465 .0  
476 .0  
478.5  
479.6 
481.5 
488 .0  
490.0 
494.5 
495.5 
497.5  
501.0  
502.5 
503.0 
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Test Hole 8-GT-80 
Location: Lancaster County, SE corner SW SE SW sec. 22, T. 8N., 
R. 8E.' approximately 135 feet north of south section 
line and 725 feet west of half section line. 
Ground-level elevation: 1,342 feet above mean sea level. 
Started: June 30, 1980. Completed: July 3, 1980. 
Total depth: 503.0 feet. 
Description 
Quaternary System: 
Topsoil, very dark brown, very silty, 
moderately clayey: contains organic 
material................................... 
Silt, light brownish gray, moderately clayey. 
Silt, dark reddish gray, moderately clayey ... 
Silt, light yellowish brown, moderately 
clayey, very slightly to slightly sandy; 
contains yellow iron staining upper 3.0.... 
Silt, light olive brown: contains silt, dark 
gray, clayey: slightly sandy lower 5.0..... 
Silt, dark gray, clayey; contains traces 
of medium to coarse sand and fine gravel, 
coarsening lower 19.0...................... 
Sand and gravel, dark gray, sand fine to very 
coarse grained, gravel fine: contains 
shale, xeworked,and limestone, reworked.... 
Permian System - Big Blue Series - Council Grove 
Silt, dark gray, clayey, slightly sandy ...... 
Red Eagle Formation: 
Howe Member: 
Limestone, grayish brown with olive tint, 
Limestone, pale yellow, very finely 
Limestone, pale olive, finely crystalline, 
very finely crystalline: contains pyrite ... 
crystalline; interbedded with shale, pale 
olive...................................... 
silty.. .................................... 
Bennett Member: 
Shale, dark gray, limy ....................... 
Shale, black, fissile........................ 
Limestone, dark gray, very finely 
Glenrock Member: 
crystalline; contains pelecypods and 
f u s u l i n i d s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DeDth. in feet 
To -From 
0.0 - 
3.0 - 
7.0 - 
12.0 - 
28.0 - 
40.0 - 
50.0 - 
79.0 - 
Group : 
130.5 - 
132.5 - 
137.0 - 
139.5 - 
140.0 - 
142.5 - 
3.0 
7.0 
12.0 
28.0 
40.0 
50.0 
79.0 
130.5 
132.5 
137.0 
3.39.5 
140.0 
142.5 
144.0 
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Test hole 8-GT-80 continued 
Depth, in feet 
To 
_. 
From 
Johnson Formation: 
Shale, gray to greenish gray, moderately to 
very limy ................................... 144.0 - 
Foraker Formation: 
Long Creek Member: 
Shale, gray to greenish gray with traces of 
reddish brown; interbedded with limestone, 
very light olive brown, finely crystalline, 
shaley. ..................................... 154.0 - 
Limestone, light greenish gray, finely 
crystalline, very silty ..................... 160.0 - 
Shale, dark gray, very limy at 162.0-164.5.... 162.0 - 
Shale, dark gray; interbedded with lime- 
stone, dark gray, finely crystalline; 
contains crinoids, brachiopods, at 177.0- 
Hughes Creek Member: 
178.0....................................... 170.0 - 
Shale, gray, contains brachiopod spines ....... 180.0 - 
Shale, black, fissile..................... .... 185.0 - 
Limestone, gray, finely crystalline; contains 
brachiopods, pyrite, glauconite; inter- 
bedded with shale, gray..................... 186.5 - 
Shale, gray, limy ............................. 190.0 - 
Shale, dark gray, interbedded with lime- 
stone at 198.5-;99.5 and 201.0-202.3 
(taken from E-log) .......................... 198.5 - 
Americus Member: 
Admire Group, Undifferentiated: 
Shale, dark gray, interntittantly limy ......... 202.3 - 
Shale, very dark gray; contains brachiopods ... 209.5 - 
Limestone, light to medium gray, very 
Shale, greenish gray; interbedded with lime- 
finely crystalline; contains crinoids, 
stone, light greenish gray, finely crystal- 
line: contains brachiopods, pyrite... ....... 216.0 - 
Shale, pale red mottled with greenish gray.... 218.0 - 
Shale, greenish gray.......................... 220.0 - 
Shale, reddish brown.......................... 226.0 - 
Shale, gray with greenish tint; interbedded 
with thin limestones, light tannish gray, 
very finely crystalline ..................... 228.0 - 
Shale, gray, slightly to moderately limy ...... 235.0 - 
Shale, dark gray, slightly to moderately limy. 240.0 - 
Shale, light gray with greenish tint.......... 249.0 - 
Shale, dark gray with reddish tint............ 254.0 - 
Shale, very light gray, limy .................. 255.0 - 
Shale, gray to dark gray...................... 257.0 - 
algal material; shaley ...................... 214.5 - 
154.0 
160.0 
162.0 
170.0 
180.0 
185.0 
186.5 
190.0 
198.5 
202.3 
209.5 
214 e 5 
216.0 
218.0 
220.0 
226.0 
228.0 
235.0 
240.0 
249.0 
254.0 
255.0 
257.0 
260.0 
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Test hole 8-GT-80 continued 
DePth. in feet 
To -From -
Shale, gray to dark gray, limy ................ 260.0 - 266.0 
Shale, reddish brown, very limy at 271.0- 
Shale, reddish brown.......................... 276.0 - 280.0 
Shale, dark gray.............................. 280.0 - 285.0 
276.0....................................... 266.0 - 276.0 
Pennsylvanian System - Virgil Series - Wabaunsee Group: 
Wood Siding - Willard Formations: 
Shale, dark gray; interbedded with limestone, 
dark gray, finely crystalline ............... 285.0 
Shale, reddish brown.......................... 291.0 
Shale, light gray with greenish tint, limy .... 293.0 
Shale, dark gray mottled with yellowish 
brown; interbedded with limestones, dark 
gray, finely crystalline; shaley lower 
6.0......................................... 300.0 
Shale, dark gray.............................. 310.0 
Shale, dark gray with reddish mottling. ....... 315.0 
Shale, reddish brown.......................... 319.0 
Shale, olive; contains coal, 325.0-325.5...... 325.0 
Shale, dark gray.............................. 330.0 
Shale, dark gray; contains sandstone, 
medium gray, very fine grained .............. 350.0 
Shale, dark gray; contains shale, black, 
lower l.O................................... 355.0 
Shale, medium to dark gray, moderately limy 
at 385.5-387.0.............................. 362.0 
Shale, dark grayish brown with olive tint, 
limy at 390.5-390.8......................... 390.5 
Limestone, very light gray to white, finely 
crystalline, slightly to moderately 
shaley; contains algal materia1,glauconite.. 393.0 
Shale, gray with greenish tint................ 394.5 
Shale, medium to dark gray, very limy 
426.0-431.0, very hard 429.0-429.5.......... 420.0 
Shale, medium to dark gray, very limy ......... 431.0 
Limestone, very light tannish gray, finely 
crystalline; contains brachiopods ........... 436.2 
Shale, medium to dark gray.................... 438.5 
Limestone, very light tannish gray, very 
finely crystalline, slightly shaley; 
contains brachiopods, gastropods, crinoids.. 440.0 
Limestone, grayish brown, very finely 
crystalline, slightly shaley in part; 
contains brachiopod, glauconite ............. 443.0 
Emporia Formation: 
Elmont Member: 
Harveyville Member: 
Reading Member: 
- 291.0 - 293.0 - 300.0 
- 310.0 - 315.0 - 319.0 
- 325.0 - 330.0 
- 350.0 
- 355.0 
- 362.0 
- 390.5 
- 393.0 
- 394.5 - 420.0 
- 431.0 - 436.2 
- 438.5 
- 4 4 0 . 0  
- 443.0 
- 448.5 
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Test hole 8-GT-80 continued 
Depth, in feet 
To -From -
Auburn Formation: 
Shale, reddish brown, mottled with olive, 
hard at 4 5 1 . 0  and 4 5 3 . 5  to 4 5 4 . 2 ;  more 
olive at base............................... 
Shale, dark gray.............................. 
Shale, dark gray; contains thin limy inter- 
beds........................................ 
Limestone, gray,finely crystalline; contains 
brachiopods; slightly shaley at 478 .2 -  
4 7 8 . 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Shale, medium to dark gray.................... 
Limestone, light gray, very finely to 
Wakarusa Formation: 
Soldier Creek Formation: 
Burlingame Formation: 
South Fork Member: 
finely crystalline; contains pyrite; inter- 
bedded with shale, 4 9 3 . 0 - 4 9 4 . 2 . . . . . . . . . . . . . .  
Shale, gray................................... 
Shale, dark gray .............................. 
Shale, black, fissile......................... 
Winnebago Member: 
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4 4 8 . 5  
4 5 4 . 2  
4 6 7 . 0  
4 7 6 . 0  
4 7 9 . 4  
4 9 0 . 2  
4 9 5 . 5  
4 9 7 . 0  
5 0 2 . 6  
- 4 5 4 . 2  - 4 6 7 . 0  
- 4 7 6 . 0  
- 4 7 9 . 4  
- 4 9 0 . 2  
- 4 9 5 . 5  
- 4 9 7 . 0  - 5 0 2 . 6  
- 5 0 3 . 0  
T e s t  Hole 9-GT-80 
L o c a t i o n :  D a w e s  County,  SE SE SE sec. 2 ,  T .  32 N . ,  R .  51 W . ,  
app rox ima te ly  75 f e e t  n o r t h  of s o u t h  s e c t i o n  l i n e  
and 242 f e e t  w e s t  o f  east s e c t i o n  l i n e .  
Ground-level  e l e v a t i o n :  3 , 4 3 4 . 0  f e e t  above mean sea l e v e l .  
S t a r t e d :  J u l y  1 5 ,  1980.  Completed: J u l y  1 6 ,  1980. 
T o t a l  d e p t h :  504 .0  f e e t .  
D e s c r i p t i o n  Depth,  i n  f e e t  
T o  -From 
Qua te rna ry  System: 
Sand, brown, v e r y  f i n e  t o  f i n e  g r a i n e d  w i t h  
Sand,  l i g h t  y e l l o w i s h  brown, v e r y  f i n e  
Sand,  l i g h t  y e l l o w i s h  brown, v e r y  f i n e  
Sand,  o l i v e  brown,  v e r y  f i n e  g r a i n e d ,  
Sand and g r a v e l ,  o l i v e  brown, sand  f i n e  
g r a i n e d  w i t h  traces of medium t o  v e r y  
coarse t o  g r a v e l ,  f i n e  ...................... 26 .0  - 2 8 . 0  
Sand and g r a v e l ,  o l i v e  brown, s a n d  medium t o  
c o a r s e  g r a i n e d  w i t h  t races  of v e r y  coarse 
t o  g r a v e l ,  f i n e  t o  coarse, rounded . . . . . . . . . .  28 .0  - 31.0 
traces of medium ............................ 0.0  - 15.0  
g r a i n e d  ..................................... 15.0 - 2 2 . 0  
g r a i n e d ,  modera t e ly  c l a y e y  . . . . . . . . . . . . . . . . . .  22 .0  - 2 4 . 0  
modera t e ly  c l a y e y  ........................... 24 .0  - 26 .0  
C r e t a c e o u s  System - Upper C r e t a c e o u s  S e r i e s  - Montana Group: 
P i e r r e  Forma t ion :  
S h a l e ,  v e r y  d a r k  g r a y  t o  b l a c k ,  "blocky" . . . . . .  31 .0  - 4 5 . 0  
S h a l e ,  v e r y  d a r k  g r a y  t o  b l a c k ,  modera t e ly  
h a r d ;  c o n t a i n s  t h i n  b e n t o n i t e  seams, 62.0-  
S h a l e ,  v e r y  d a r k  g r a y  t o  b l a c k ,  s o f t  t o  
s l i g h t l y  h a r d ;  c o n t a i n s  l i m e s t o n e  
c o n c r e t i o n s  229.0-229.8,  266.0-267.0,  
412.3-413.0,  415.0-415.3, l i m e s t o n e  d a r k  
o l i v e  g r a y  t o  d a r k  g r a y i s h  brown, v e r y  
f i n e l y  c r y s t a l l i n e ;  c o n t a i n s  cephelopods  
63.0 ........................................ 4 5 . 0  - 7 5 . 0  
153.5,  181.8, 245.0-250.0 . . . . . . . . . . . . . . . . . . .  7 5 . 0  - 504 .0  
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Test Hole 10-GT-SO 
Location: Morrill County, SW corner NW h.X’ NW sec. 6, T. 21N., 
R. 51W., approximately 590 feet south of north 
section line and 123 feet east of west section line. 
Ground-level elevation: 3,930.0 feet above mean sea level. 
Started: July 23, 1980. Completed: July 23, 1980. 
Total depth: 500.0 feet. 
Description 
Quaternary System: 
Silt, brown, contains organic material. ....... 
Silt, pale brown, very slightly clayey. ....... 
Silt, dark grayish brown, very slightly 
clayey ...................................... 
Silt, light yellowish brown, slightly clayey.. 
Depth, in feet 
0.0 - 3.0 
3.0 - 12.0 
12.0 - 15.0 
15.0 - 20.0 
Tertiary System - Oligocene Series - white River Group: 
Brule Forkation: 
Whitney Member: 
Siltstone to silt, brown, slightly to 
moderately clayey; contains traces of 
barite, clear to light bluish gray, at 
60.0-65.0 and 75.0-80.0; slightly more 
micaceous 73.0-76.0......................... 
Siltstone to silt, light yellowish brown, 
moderately clayey ........................... 
Siltstone, brown, slightly to moderately 
silty, slightly to moderately clayey... ..... 
Siltstone to silt, light brown to brown, 
moderately clayey: contains barite traces, 
160.0-165.0; contains interbedded clay- 
stones, brown with reddish tint, 175.0- 
180.0....................................... 
Siltstone to silt, light brown to brown, 
moderately clayey; contains traces of 
barite...................................... 
Orella Member: 
Siltstone, light yellowish brown to yellowish 
Siltstone to silt, light yellowish brown to 
Siltstone to sandstone, light yellowish 
brown, slightly silty, slightly clayey ...... 
brown, moderately to very clayey; contains 
barite traces, 230 .0 -235 .0 . . . . . . . . . . . . . . . . . .  
brown to brown, sandstone very fine grain- 
ed; contains abundant dark minerals......... 
20.0 - 93.0 
93.0 - 106.0 
106.0 - 135.0 
135.0 - 180.0 
180.0 - 206.0 
206.0 - 230.0 
230.0 - 265.0 
265.0 - 275.0 
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T e s t  hole  10-GT-80 contiriued 
Depth, in feet 
Silt to siltstone, light yellowish brown to 
Siltstone to silt, light brown to brown 
with very slight pinkish tint, moderately 
Silt to siltstone, light yellowish brown to 
brown, moderately c1ayey;contains traces of 
claystones upper S . O . . . . . . . . . . . . . . . . . . . . . . . .  
Silt to siltstone, light yellowish brown to 
brown, moderately clayey; contains silt- 
stones, yellowish brown; very slightly 
light yellowish brown to brown, sand very 
fine grained, moderately clayey; contains 
abundant dark minerals...................... 
Silt to siltstone, yellowish brown with 
slight pinkish tint, slightly to moderately 
clayey, slightly sandy; contains dark 
ninerals..................................... 
Sand, grayish brown, very fine to fine 
grained, slightly to moderately clayey; 
contains abundant dark minerals............. 
Silt to siltstone to claystone, yellowish 
brown, slightly to moderately clayey ........ 
Silt to siltstone to sand to sandstone, olive 
gray, sand very fine to fine grained; 
contains siltstone, greenish gray........... 
Siltstone to silt, light yellowish brown 
with greenish gray mottling, slightly to 
moderately clayey ........................... 
Siltstone to silt, greenish gray, moderately 
Silt to siltstone, greenish gray with 
Silt to siltstone, pale brown with very 
Siltstone to silt, grayish brown with olive 
Silt to siltstone, pale brown, moderately 
Silt to siltstone, light brownish-gray with 
Silt to siltstone, pale brown, slightly to 
Silt to siltstone, light brownish gray with 
brown, moderately clayey .................... 
clayey; contains claystones ................. 
sandy, sand very fine grained ............... 
Silt to siltstone to sand to sandstone, 
clayey ...................................... 
olive interbedded, moderately clayey ........ 
slight olive tint; interbedded with silt to 
siltstone, greenish gray.................... 
tint, slightly to moderately clayey. ........ 
clayey.. .................................... 
very slight olive tint, moderately clayey; 
contains greenish gray mottling ............. 
moderately clayey ........................... 
very slight olive tint, slightly to moder- 
ately clayey; contains greenish gray 
mottling. ................................... 
275.0 - 290.0 
29O.Q - 305.0 
305.0 - 340.0 
340.0 - 355.0 
355.0 - 365.0 
365.0 - 371.0 
371.0 - 387.0 
387.0 - 389.0 
389.0 - 403.0 
403.0 - 413.0 
413.0 - 418.0 
418.0 - 425.0 
425.0 - 440.0 
440.0 - 449.0 
449.0 - 457.0 
457.0 - 489.0 
489.0 - 494.0 
494.0 - 500.0 
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Test Hole ll-GT-80 
Location: Cheyenne County, SE SE SE sec. 33, T. 14 N., R. 49 W., 
approximately 56 feet north of south section line, 
and 71 feet west of east section line. 
Ground-level elevation: 4,064.0 feet above mean sea level. 
Started: July 17, 1980. Completed: July 17, 1980. 
Total depth: 600.0 feet. 
Description Depth, in feet 
TO -- From -
Quaternary System: 
Sand and gravel, dark grayish brown, sand 
medium to coarse with small fraction very 
coarse, gravel fine: contains abundant 
feldspars; contains organic material; 
becoming dark brown with less organic 
Sand, yellowish brown, fine to medium grained 
with small fraction coarse to very coarse; 
contains traces of gravel, fine: contains 
abundant feldspars, yellowish red to pink 
sand, yellowish brown, medium grained with 
,small fraction fine and coarse to very 
coarse: contains gravel, fine: contains 
Sand, yellowish brown, medium grained with 
small fraction fine and coarse to very 
coarse; contains gravei, fine; contains 
abundant feldspars, yellowish red to pink. ,  12,o - 22.0 
material lower 6.0......................... 0.0 - 8.0 
abundant feldspars, yellowish red to pink.. 8.0 - 12.0 
Tertiary System - Oligocene Series - White River Group: 
Brule Formation: 
Siltstone to silt, pinkish brown, slightly 
Siltstone, pinkish brown, very slightly 
Siltstone to silt, pinkish brown, slightly 
Siltstone, pinkish brown, slightly silty, 
Siltstone to silt, pinkish brown, s l i g h t l y  to 
Silt to siltstone, yellowish red, slightly to 
clayey ..................................... 22.0 - 40.0 
clayey ..................................... 40.0 - 60.0 
to moderately clayey. ...................... 60.0 - 145.0 
slightly clayey ............................ 145.0 - 150.0 
moderately clayey .......................... 150.0 - 233.0 
moderately clayey. ......................... 233.0 - 240.0 
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T e s t  hole 11-GT-80 continued 
Depth, in feet 
Silt to siltstone, pinkish brown, slightly 
Silt, light pinkish brown, moderately to very 
clayey; contains occasional interbedded 
siltstones.................................. 
Silt, light yellowish brown with reddish 
brown interbedded, moderately to very 
clayey; contains silt, olive gray, at 
Silt, light reddish brown with yellow tint, 
very clayey; contains silt, greenish gray, 
at 416.0-420.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Silt, greenish gray, very clayey, contains 
interbedded siltstones...................... 
Silt, light greenish gray, very clayey; 
contains interbedded siltstones, greenish 
gray........................................ 
Silt, greenish gray, very clayey; contains 
interbedded siltstones...................... 
Silt to siltstone, greenish gray, moderately 
to very clayey.............................. 
Silt, light greenish gray to greenish gray, 
moderately to very clayey; contains 
interbedded siltstones...................... 
to moderately clayey ........................ 
380.0-392.0................................. 
From -
240.0  
260.0  
367 .0  
392.0  
420.0  
470 .0  
484 .0  
525.0  
5 7 2 . 0  
To -
- 260.0 
- 367 .0  
- 392.0  
- 420 .0  
- 470 .0  
- 484 .0  
- 525 .0  
- 572 .0  
- 600.0 
Test Hole 12-GT-80 
Location: Garden County, SW corner NW SW NW sec. 26, T. 17M., 
R. 45W., approximately 1,900 feet south of north 
section line and 98 feet east of west section line. 
Ground-level elevation: 3,454.0 feet above mean sea level. 
Started: July 20, 1980. Completed: July 20, 1980. 
Total depth: 620.0 feet. 
Description 
Quaternary System: 
Sand, dark grayish brown, fine to medium 
grained with traces of sandstone, buff, 
very fine grained, reworked,becoming more 
prominent 3.0-15.0; contains traces of 
Sand, brown, medium grained with traces of 
coarse...................................... 
Sand, light yellowish brown to yellowish 
brown, medium to coarse grained ............. 
Sand, pale brawn, coarse grained with small 
fraction medium. ............................ 
Sand, pale brown, coarse to very coarse 
grained, coarsening towards bottom.......... 
Sand and gravel, pale brown, sand very 
coarse grained, gravel fine; contains 
feldspars ................................... 
Gravel and sand, pale brown, gravel fine to 
medium, sub-angular to rounded, sand 
very coarse; contains feldspars ............. 
Gravel, pale brown, fine to medium sub- 
angular to rounded; contains feldspars and 
trace of anorthosites; contains small 
fraction sand, coarse to very coarse 
grained ..................................... 
Sand, pale brown, medium. to coarse grained 
with traces of very coarse.................. 
Sand and gravel, pale brown, sand coarse to 
very coarse grained, gravel fine ............ 
organic material, upper 3.0.......... ....... 
Depth, in feet 
0.0 - 
15.0 - 
20.0 - 
28.0 - 
30.0 - 
33.0 - 
38.0 - 
42.0 - 
45.0 - 
50.0 - 
Tertiary System - Oligocene Series - F M t e  River Group: 
Brule Formation: 
Silt to siltstone, dark yellowish brown, 
Siltstone, dark yellowish brown, very slightly 
slightly to moderately clayey ............... 55.0 - 
15.0 
20.0 
28.0 
30.0 
3 3 . 0  
38.0 
4 2 . 0  
4 5 . 0  
5 0 . 0  
55.0 
70.0 
~ ~ 
clayey ...................................... 70.0 - 72.0 
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Test hole 12-GT-80 continued 
Depth, in feet  
TO -From 
Siltstone to silt, light yellowish brown, 
Silt to siltstone, light brown to brown, 
Siltstone to silt, brown, slightly to 
Silt to siltstone, light brown t9 brown, 
Siltstone to silt, light brown to brown, 
moderately to very clayey ................... 
moderately to very clayey ................... 
moderately clayey ........................... 
very slightly to very clayey ................ 
slightly to moderately clayey; contains 
traces of claystone, reddish brown,......... 
Siltstone to silt, light brown to brown, 
Siltstone, brown, slightly clayey; contains 
Silt to siltstone, light brown to brown, 
moderately to very clayey ................... 
silts and clay to claystone, reddish brown.. 
slightly to very clayey; contains clay- 
stone, reddish brown, 275.0-285.0..... ...... 
Siltstone to silt, reddish yellow,moderately 
clayey ...................................... 
Siltstone to silt, light brown to brown, 
moderately to very clayey; contains 
scattered claystones, reddish brown, 
Siltstone to silt, dull reddish yellow, 
slightly to moderately clayey; contains 
claystones .................................. 
Silt to siltstone, light yellowish brown 
with greenish tint, moderately to very 
clayey ...................................... 
Silt to siltstone, pale olive, moderately 
clayey ...................................... 
Silt to siltstone, light yellowish brown, 
moderately to very clayey; greater silt- 
stone fraction top 5.0;  contains traces 
of mica..................................... 
clayey; contains claystones ................. 
siltstones.................................. 
345.0-390.0................................. 
Silt, very pale brown, slightly to moderately 
Silt, pale olive, very clayey; contains 
Silt, pale olive, bentonitic: contains 
Silt, pale olive, moderately clayey; 
Chadron Formation: 
siltstones....... ........................... 
contains calcedony, light bluish gray to 
white, some reworked........................ 
Clay, reddish brown (poor sample) ............. 
Clay, brownish yellow (poor sample) ........... 
Claystone, light greenish gray... ............. 
72.0  
90.0 
100.0 
135 .0  
215.0  
220.0  
230.0  
235.0  
310.0 
318.0 
390.0 
397.0  
410.0  
420.0  
488.0 
532.0  
548.0  
570.0 
585.0  
595.0 
605.0  
- 90.0 
- 100.0  
- 1 3 5 . 0  
- 215.0 
- 220.G 
- 230.0 
- 235 .0  
- 310.0 
- 318 .0  
- 390.0 
- 397.0 
- 410 .0  
- 420.0 
- 488.0 
- 532.0 
- 548.0  
- 570.0  
- 585.0  - 595.0  
- 605.0  - 620.0  
Test hole 13-GT-80 
Location: Deuel County, NE corner NE NW SE sec. 26, T. 13 N., 
R. 42 W., approximately 2,660 feet south of north 
section line and 1,360 feet west of east section line. 
Ground-level elevation: 3'455.0 feet above mean sea level. 
Started: July 19, 1980. Completed: July 19, 1980. 
Total depth: 520.0 feet. 
Description Depth, in feet 
From TO 
Quaternary System: 
Sand, dull reddish brown, medium grained with 
Sand and gravel, brown, sand very coarse with 
traces of fine and coarse to very coarse.... 0.0 - 8.0 
traces of medium to coarse, gravel fine, 
Gravel, orangish brown, fine with traces of 
with medium to coarse at 8.0-10.0. .......... 8.0 - 15.0 
medium: contains sand, coarse to very 
coarse: contains silt, light brown, clayey.. 15.0 - 25.0 
Tertiary System - Miocene Series - Ogallala Group, Undifferentiated: 
Sand-and gravel, orangish brown, sand coarse 
to very coarse, gravel fine to medium: 
contains sandstone interbeds, light pink- 
ish brown, very fine to fine grained ........ 
Sand, brown, fine grained with traces of 
very fine to coarse, moderately clayey 
in part ..................................... 
Sand to sandstone, very pale brown, very fine 
to fine grained, very slightly clayey in 
part ........................................ 
Sand, brown, very fine to fine grained with 
small fraction medium to coarse, moderately 
clayey in part .............................. 
Sand to sandstone, very pale brown to pinkish 
brown, very fine to fine grained, slightly 
to moderately clayey ........................ 
Sandstone, very pale brown, very fine to fine 
grained, very slightly to slightly clayey ... 
Oligocene Series - White River Group: 
Brule Formation: 
Sand to sandstone, very pale brown to 
brown, very fine to fine grained, slightly 
clayey ...................................... 
20 1 
25.0 
30.0 
35.0 
38.0 
55.0 
75.0 
91.0 
- 30.0 
- 35.0 
- 38.0 
- 55.0 
- 75.0 
- 91.0 
-100.0 
Test hole 13-GT-80 continued 
DePth. in feet 
Silt to siltstone, brown, moderately clayey ... 
Silt to siltstone, brown to light brown, 
Silt to siltstone, light brown with yellowish 
moderately clayey ........................... 
tint, noderately clayey ..................... 
Silt to siltstone, brown, moderately clayey ... 
clayey ...................................... Silt to siltstone, yellowish red, moderately 
Silt to siltstone, light yellowish brown with 
reddish tint, moderately clayey ............. 
Silt to siltstone, light reddish brown, 
moderately clayey. .......................... 
Siltstone to silt, brown, moderately clayey: 
contains siltstones, light olive brown, 
at 199.0-202.0.... .......................... 
Silt to siltstone, light yellowish brown 
with reddish tint, moderately clayey; 
contains thinly interbedded brown silt- 
s t o n e s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
moderately clayey ........................... Silt to siltstone, yellowish brown, 
Silt to siltstone, light yellowish brown 
with reddish tint, moderately clayey ........ 
Silt to siltstone, light yellowish brown, 
moderately clayey ........................... 
Silt to siltstone, light yellowish brown 
with reddish tint, moderately to very 
clayey ...................................... 
Silt to siltstone, light yellowish brown, 
moderately clayey ........................... 
Silt to siltstone, pale brown to light 
yellowish brown, moderately to very clayey.. 
Silt, light yellowish brown, moderately to 
very clayey; contains scattered siltstones.. 
Chadron Formation: 
Silt, light yellowish brown, moderately to 
very clayey; contains "floating" quartz 
grains, quartz milky white, rounded 
overgrowths, becoming very abundant lower 
third ....................................... 
grained, moderately to very clayey .......... 
grained: interbedded with sand, very fine 
grained, very clayey ........................ 
Sand, very light gray to greenish gray, very 
fine grained, moderately to very clayey; 
contains yellowish orange iron staining in 
part. ....................................... 
Sand, very light greenish gray, very fine 
Sand, very light gray to white, medium 
From 
100.0 
120.0 
135.0 
158.0 
165.0 
180.0 
188.0 
196.0 
202.0 
225.0 
242.0 
255.0 
290.0 
300.0 
308.0 
340.0 
390.0 
452.5 
455.0 
456.0 
To 
- 120.0 
-- 
- 135.0 
- 158.0 
- 165.0 
- 180.0 
- 188.0 
- 196.0 
- 202.0 
- 225.0 
- 242.0 
- 255.0 
- 290.0 
- 300.0 
- 308.0 
- 340.0 
- 390.0 
- 452.5 
- 455.0 
- 456.0 
- 474.0 
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Test hole 13-GT-80 continued 
Depth, in feet 
To -From 
Sand, very pale brown, medium to coarse 
Sand, light yellowish brown, medium to 
Sand, light to pale brown, medium to very 
coarse.................................... 479.0 - 480.0 
Sand, very pale gray to brown, medium to 
coarse grained; contains fine grained 
Sand, very pale brown, very fine to fine 
Sand, yellowish red, medium to coarse 
grained with traces of fine............... 486.0 - 487.5 
Sand, very pale brown, medium to coarse 
grained with traces of fine.,............. 487.5 - 488.5 
Sand, very pale brown mottled with yellowish 
red and brownish yellow, very fine to fine 
grained, slightly to moderately clayey: 
contains traces of chert, black, rounded; 
varicolored at bottom................. .... 488.5 - 495.0 
clayey: contains reworked shale........... 495.0 - 508.0 
grained ................................... 474.0 - 476.0 
coarse grained ............................ 476.0 - 479.0 
sandy clays ............................... 480.0 - 485.0 
grained, slightly to moderately clayey .... 485.0 - 486.0 
Silt, olive gray to gray, moderately 
Cretaceous System - Upper Cretaceous Series - Montana Group: 
Pierre Formation: 
Shale, gray to olive, weathered............ . 508.0 - 510.0 
Shale, dark gray............................ 510.0 - 520.0 
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Appendix 2-4 
Thermal Gradient - Shallow Holes 
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Test Hole 
Number 
16B- 78 
17B- 78 
19H-78 
24H- 78 
38- 79 
39-79 
40- 79 
41-79 
42-79 
18-B- 79 
24-8- 79 
1 aGT -80 
2GT-80 
3GT-80 
4GT-80 
5GT-80 
6GT-80 
7GT-80 
8GT-80 
9GT-80 
10GT-80 
l lGT-80 
12GT -80 
13GT-80 
Baker #1 
EC #I 
Appendix 2 - 4 
THERMAL GRADIENT - SHALLOW HOLES 
county 
Sheridan (Hay Spr ings) 
Sheridan (White Clay) 
L i n c o l n  (Box E lder  Can) 
L i n c o l n  (Gothenburg) 
Otoe (Union S.) 
Cass (Union N.) 
Richardson ( S t e l l a )  
Pawnee ( L i b e r t y )  
Pawnee (Table Rock) 
Sheridan (Gordon) 
Sheridan (Rushvi 1 l e )  
Boyd (Naper) 
Keya Paha (Spr ingview) 
Cherry (Va len t ine)  
H o l t  ( O ' N e i l l )  
Wayne (Wayne) 
B u r t  (Oakland) 
Dodge (Frernont) 
Lancaster (Bennet) 
Dawes (Wni tney)  
Mor r i  11 (Bayard) 
Cheyenne (Sidney) 
Garden ( L i  sco) 
Deuel ( B i g  Springs) 
Legal Locat ion  
SE,SE, sec. 13, T 30 N, R 46 W 
NE,%, sec. 31, T 33 N, R 45 W 
SW,SW, sec. 36, T 12 N ,  R 29 W 
SE,SE, sec. 36, T 10 N, R 27 W 
SE,SW, sec. 6, T 9 N, R 13 E 
SW,SW, sec. 2, T 2,N, R 13 E 
NE,NW, sec. 34, T 3 N, R 14 E 
SW,SW, sec. 31, T 1 N, R 9 E 
SW,SW, sec. 16, T 3 N, R 12 E 
NW,NE, sec. 24, T 34 N, R 42 W 
SW,NW, sec. 1, T 30 N ,  R 42 W 
SE,SW,SE, sec. 24, T 35 N ,  R 15 W 
SW,SW,NW, sec. 32, T 35 N ,  R 20 W 
NE,SE,SW, sec. 28, T 34 N, R 27 W 
NW,NW,NW, sec. 6, T 28 N ,  R 11 W 
SE,SW,NE, sec. 14, T 26 N, R 3 E 
NE,SW,NE, sec. 6, T 2 1  N, R 9 E 
SW,NW,NW, sec. 32, T 18 N, R 8 E 
SW,SE,SW, sec. 22, T 8 N, R 8 E 
SE,SE,SE, sec. 2, T 32 N,  R 51 W 
NW,NW,NW, sec. 6, T 21 N, R 51  W 
SE,SE,SE, sec. 33, T 14 N, R 49 W 
NW,SW,NW, sec. 26, T 1 7  N, R 45 W 
NE,NW,SE, sec. 26, T 13 N, R 42 W 
Keya Paha (Burton-Baker) C,SE,NE, sec. 8, T 34 N ,  R 19 W 
Johnson ( E l k  Creek) NW,SW,SW, sec. 33, T 4 N, R 11 W 
20 5 
0 
5 0  
100 
150 
200  
16B-78 
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Thermal Gradient - Deep Holes 
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I 
Burton 
Cross Ranch 
M i  1 l d a l e  
Rothwell 
Deuel 
Sidney 
Drever I1 
H ag s t r om 
Van Pe l t  
Court House Rock 
Bridgeport 
Scott sbl  u f  f 
Appendix 2 - 5 
THERMAL GRADIENT - DEEP HOLES 
Keya Paha 
Arthur 
Arthur 
Grant 
Deuel 
Cheyenne 
Cheyenne 
Kimball 
Banner 
Morrill 
Morri 11 
Scot tsb luf f  
SW, NE, Sec. 8, 34N, 19W 
SE, SE, NW, Sec. 22, 19N, 39W 
NW, SE, NW, Sec. 33, 20N, 36W 
SE, SE, Sec. 23, 21N, 38W 
SW, NE, NE, Sec. 9, 14N, 46W 
Sec. 4, 14N, 50W 
Sec. 27, 14N, 52W 
Sec. 19, 14N, 55W 
Sec. 10, 17N, 56k 
Sec. 17, 18N, 50W 
Sec. 12, 18N, 51W 
Sec. 28, 21N, 55W 
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T14N/R55W/SEC 
24 I 
0 
500  
1000 
TEMP.'C GRAD I E NT O C  / k m 
10 30 5 0  7 0  0 50 100 
VAN PELT 
T17N/R56W/.SEC 10 
24 2 
0 
I, 
! 500 
1000 
TEMP.'C GRADIENT 'Wkm 
30 50 7 0  0 5 0  100 
L 
. 
COURT HOUSE ROCK 
T 18N/R50W/SEC 171 16 
243 
500 
750 
1000 
1250 
TEMP.'C 
30 50 7 0  0 
GRADIENT'C/km 
5 0  100 
BRIDGEPORT 
T 18N/R5 1 W/SEC 12 
244 
0 
100 
200 I 
a -  I-: 
300 
400 
500 
TEMP.'C GRADIENT OC/km 
18 22 26 30 34/0 5 0  100 
SCOTTSBLUFF 
T21N/R55W/SEC 28 BD 
24 5 
500 
1000 
1500 
TEMP.'C 
2 0  4 0  60 8 0  0 
GRAD I ENT 'C/krn 
50  100 
SCOTTSBLUFF 
T2 1 N/R55W/SEC 28 
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Appendix 2-6 
Thermal Gradient Values - Shallow Wells 
24 7 
Number 
HFNEl 
HFNE2 
HFNE3 
HFNE4 
HFNE5 
HFNE6 
HFNE7 
HFNE8 
HFNE9 
HFNElO 
HFNEl l  
HFNEl2 
HFNEl3 
HFNEl4 
HFNEl5 
HFNEl6 
HFNEl7 
HFNEl8 
HFNEl9 
HFNE20 
HFNE2l 
HFNE22 
HFNE23 
HFNE24 
HFNE25 
HFNE26 
HFNE27 
HFNE28 
HFNE29 
HFNE30 
Appendix 2 - 6 
THERMAL GRADIENT VALUES - SHALLOW WELLS 
Name Location 
R i  verda 1 e 
Grant 
Dayki n 
Plyrnou t h  
Ris ing City 
Dannebrog 
Merna 
A1 1 iance 
Hemi ngford 
Gurl ey 
Kimball 
Grant 
Imper i a 1 
Lamar 
C hampi on 
Enders 
Ben ke 1 man 
Quick 
Mayf i e l d  
We1 I f  l e e t  
Beverly 
Hayes Center 
Su t t l e rs  Canyon 
Sutherland 
Fa rnam 
Eus ti s 
Ragan 
M i  nden 
E l g i n  
Brunswick 
248 
10N-16W-5DAA 
1 2N-38W-31CCC 
4N-1 E-31ADD 
4N-3E-13DDA 
15N- 1 E-27DDD 
14N-llW-22DDD 
18N-22W-24CCC 
25N-48W-12CCCC 
26N-49W-6CCC 
16N-49W- 19BBB 
15N-55W-7ABB 
9N-39W-2DDD 
7N-38W-29CBB 
7N-41 W- 1 1 DAA 
6N-41W-21 CCC 
4N- 38W- 30BCC 
2N-38W- 1 ODDDD 
6N-29W-32CCC 
8N- 29W- 1 2BBB 
1 ON-30W-20DDD 
4N- 32W- 6BBC 
7N-33W-35DDD 
9N-33W-32DCD 
llN-34W-1CCC 
9N-26W-36ADD 
6N-24W-23BCB 
4N-18W-15AD 
6N- 15W-34DCC 
23N-6W-28DC 
27N-5W-17AAA 
HFNEl 
RXUERDALEV NEBRASKA lON-lbW-5DAA LOGGED 7-23-78 
ELEVATION: 687 M 
LATITUDE: 4 0  DEG 5 l * ? Y  M I N  
LONGITUDE: 99 DEG l O . l . 2  MIN 
0.00 
30 00 
-14.00 
30 . 00 
1!)2 00 
12.00 
18.00 
28 . 00 
3.8.0C 
26 00 
92 t 00 
-73 . 33 
.---------- 
24 9 
HFNEZ 
HFNE2 
GRANT I NEBRASKA ( N O I I T H )  12N--38W-JiCCCC 
ELEVATION: 1033 M 
LATITUDE: 40 IlEG 57*59  MIN 
LONGITUDE: 101 DEG 42*36 MIN 
15tO(i 
20 * 09 
25 ~ 00 
30too 
35 0'3 
40 t C!0 
25 cz 
50 00 
clcl t 00 
60 t 00 
69 00 
?O c OQ 
/S*OO 
so 00 
85 * QCI 
90. 06 
95 Y ??! 
?Lo(! * 00 
I. 05 00 
1 1.0 oc 
1 1 5 00 
i20.00 
125*00 
130*00 
135,OO 
140+00 
145*00 
190*0O 
155,OO 
160 00 
165,OO 
170+00 
174+00 
1" I 7  
-I-- 
IF YOU WANT A LEAST SQUARES GRADIENT TYPE YES 
? YES 
? 401170 
TYPE I N  FIRST DEPTHI LAST DEF'Tti 
2 50 
HFNE3 
D A Y E I N  I NEBRASKA 4N-lE-31ADD LOGGED 8-6-78 
ELEVATION: 4 5 1  M 
LATITLJDE: 90 IIEG 16.35 MIN 
LONGITUDE: 97 DEG 21.11 MIN 
.I ,-...-.-. - .................... 
2 5 1  
HFNE4 
P L Y M O U T H  I NEBRASKA 4N-JE-13KIKIA LOGGED 8*--6.-79 
El-EVATION: 437 M 
LATITUDE: 4 0  KIEG 
LONGITUDE: 97 DEG 
18r54 MIN 
1.98 MIN 
..... ._I - I - I .. .... .... .-. .." .-. ._. -.- .". .... 
HFNE5 
. RISING CITY, NEBRASKA ~ ~ N - I E - ~ ~ D D D  LOGGED 8-6-78 
ELEVATION: 499 M 
LATITUDE: 41 DEG 14.21 MIN 
LONGITUDE: 97 DEG 17.56 MIN 
IF YOU wm-r A LEAST SQUARES G R A D I E N T  T.WE YES 
2 53 
tl F NE 6 
DANNEBROG I NEBRASKA 14N-llW-22DDD LOGGED 8-6-78 
ELEVATION: 579 M 
LATITUDE: 41 IlEG P t S 2  M I N  
LONGITUDE: 98 1:IEG 33t46 MIN 
IF YOU WANT A LEAST SQUARES G R m r m - r  TYPE YES 
HFNE7 
MERNAI NEBRAStiA 18N-22M-24CCCC LOGGED 8-7-78 
ELEVATION: 804 M 
LATITUDE: 4 1  IIEG 30*58 MIN 
LONGITUK~E: 9q r lw 4 8 ~ s  MIN 
IF YCIL! Uf!?NT A L_E:ASl SQUARES GRAISIEEIT TYPE 'IES 
255 
XF YOU WANT A L.EAS'I* SRlJAREIS GliAKlIENT 'I'YPE YES 
IF YOU WANT A LEAST SQUARES G R A D I E N T  TYPE YES 
257 
HFNElQ 
GURLEYv NEBRFlSKA 16N-49W-19BEB LOGGED 8-8-78 
ELEVATION: 1304 M 
LATITUDE: 4 1  DEG 2 1 * O I %  MIN 
LONGITUDE: 192  DEG 59t.45 MIN 
DEFT E! 'TI: MP ERA 7 U I? E GRADIENT 
< EETEFiS > < DEG CELSIUS ? (DEG C/KM) 
IF you WANT n t,EAs*r SQUARES GRADIENT TYPE YES 
tIFNEli 
KIMBALL, NEBRASKA 15N-55W-7ABB LOGGED 8-8-78 
ELEVATION: 1496 M 
LATITIJDE: 91. DEG. 17.55 MI N  
LONGITUDE: 103 ICIEG 40+25 MIN 
10 t 84 
10.92 
10*84 
io.90 
1.0 .?6 
11. .04 
ll*?5 
3. 1 * f ? 3  
?It23 
1?*43 
11*55 
?l.tb 
1 1 * 7 ?  
21.35 
11.94 
12*03 
12.23 
12 . 25 
12t31; 4 9  00 
4'3*00 
50.09 
5.2 50 1 2 . 4.5 
&:; . 0 (> 12.53 32c00 
67 * 50 12e58 20 00 
70 80 i2.59 4.00 
. .  ?2 *62  12*00 72 t 50 
.75 cc 12*64 5*00 
77 50 12.56 €3.00 
80*00 12.59 12*00 
82 * 50 12173 15.00 
85 00 12t85 48t00 
87.50 1 2 * 9 6  44.00 
90 00 i 2 e 8 9  -28 00 
92 50 12*91 8.00 
95 00 13.00 36t00 
---I -- ..- -- ---....I -- - - .- -- - I- .- - - - - - - - - - -- ---I 
IF YOU WANT A LEAST SR?IARE:S GF:ADI:ENT TYPE: YES 
2 59 
HFNE I2 
GRANTi NEBRASKA (SOUTH) YN-39W-2DDD LOGGED 8-9-78 
IF YOU WANT' R I...EAS'T' SQlJARES GRAflIENT TYPE YES 
26 0 
I-! F N E 1 3 
IMPERIALi NEBRASKA 7N-38W-29CBB LOGGED 8-9-78 
26 1 
26 2 
HFNElS 
CHAHPION~ NEBRASKA bN-41W-21CCC LOGGED 8-10-78 
ELEVATION: 1063 M 
LATITUDE: 40 DEG 28.01 MIN 
LONGITUDE: 101 DEG 59.01 MIN 
17.59 13.1C 0.00 
20 . 00 13. 16 24 . 00 
22 . 50 13.23 28 . 00 
25 . 00 13.31 32 . 00 
27 . 50 13.41 40 . 00 
30 . 00 13.57 6 4  9 80 
32 . 56 13.68 94,oo  
35.00 13.75 28 . 00 
37 . 50 1 5 ~ 7  8 " c 9 
40.00 13.81 :!& + 09 
42 . 50 13 84 12.00 
45.00 13.57 12*00 
4? . 50 13.5'2 20 . 00 
5s . 00 14.04 90 00 
52 513 14.96 8.00 - - - - -- - -. -- - .- - - _I -- I - - - - I - - .^  - - - ..I .--- -_ .... - - - .- .- - - - .- .- - - 
I F  YOU WANT A LEAST SQUARES GF<AIIIEN'T TYPE F C  I... 4 
26 3 
NF N E 1 6 
ENDERSI NEBRASKA 4N-38W-30BCC LOGGED 8-10-78 
ELEVATION: 996 M 
LATITUDE: 40 DEG 17.13 MIN 
LONGITUDE: 101 DlEG 39.58 MIN 
15.00 
17.50 
20 . 00 
2 2 * 5 0  
'25 00 
27 50 
30 00 
32 50 
35 00 
37 . 50 
4 0 * 0 0  
42 50 
45*0Q 
47 . 50 
50 . 00 
52 50 
55 00 
l2*85 0.00 
13*26 164eOO 
l.3*34 32 00 
13e45  44.00 
13.58 52.00 
13+70 48 00 
13.95 100*00 
13.92 -12*00 
1.4 06 56 t 00 
14*18 48 00 
14+30 48 00 
3.4.46 64 00 
14*52 24 00 
14.60 32 00 
14*69 36.00 
l4*76 28 . 00 
3.4.83 28 00 
.""-.-I I -.- - - - - - .- I-. .- I.- .- .- .- - ....".. .- - -- - - - - - -- - - 
I F  YOU WANT A LEAST SRlJARES GRADIENT TYPE YES 
TYPE IN FIRST DEPTH, L A s r  DEPTH 
LEAST SQUARES GRADIENT BETWEEN 15,O METERS AND 55.0 METERS IS 
46*26  DEG C/KM 
I F  YOU WANT ANOTHER LEAST SQUARE GRADIENT TYPE YES 
TO CONTINUE TYPE I N  NEXT CODEi TO STOP TYPE STOP 
264 IATEDt 
HFNEl7 
BENKELMANv NEBRASKA 2N-38W-lODDDD LOGGED 8-11-78 
ELEVATION: 987 M 
LATITUDE: 40 DEG St95 MIN 
LONGITUDE: 101 DEG 3'5.27 MIN 
ItEPTH 'r E M P E Fir A 'I' U R E GRCI I:, I 13 N 7' 
(METERS 1 (DEG CELSIUS! ( DEIO C/KM > 
15*00 13t10 9.00 
17.50 12*?9 ' -44too 
20 00 13t31 125*00 
22 . 50 13.45 56 00 
25 t 00 13t64 76 t 00 
27 50 13t82 72 00 
30 00 IJt85 12too 
32 t 50 13t5'0 20 t 00 
35 t 00 13t92 8tOC 
Z7t50 14+@3 44eQO 
4OtQQ 14-09 24.00 
42 t 50 l4t15 24.00 
45 00 14tIS ?2tCO 
46tOQ 14.25 so. 00 - ------_-_-..^-- --.-.------.-----I-- -.-. -.--.-.- -....--.----- 
IF YOU WANT A LEAST SQUARES GRAIiIENT TYPE YES 
26 5 
HFNE18 
QUICKi NEBRASKA 6N-29W-32CCC LOGGED 8-11-78 
ELEVATION: 859 M 
LATITUDE: 40 DEG 2 6 ~ 3  Mr N  
LONGITUDE: 100 DEG 38e54 M I N  
15,OO 13e04 0 * 0 0  
20 00 13 24 4 0 * 0 0  
35 00 13e74 32 00 
qo,eo 13.89 30 00 
45*00 14+09 40+00 
50 00 14+27 36.00 
60 + 00 14*5? 34 00 
70 00 14*?1 28 00 
75 00 15.05 28 + 00 
14,00 80 00 15*12 
85 00 25*20 16*00 
90 00 15*26 12*00 
95 + 00 15e3.9 26*00 
25.00 1.3 + 43 38 00 
30 00 13*5€l 30  + 00 
55 00 1.4 4 2  30 O# 
65 00 14+77 36*00 
97 50 15+42 32 00 
--------------------___l_______________l----- 
I F  YOU WANT A LEAST SQUARES GRADIENT TYPE YES 
HFNEl9 
MAYFIELDv NEBRASKA 8N-2'9W-12BBB LOGGED 8-11-78 
ELEVATION: 853 M 
LATITUDE: 40 DEG 40.98 MIN 
LONGITUDE: 100 DEG 34.17 MIN 
15.00 12+71 0 * 0 0  
20 . 00 13.02 62 00 
25 00 13.23 4 2  . 00 
30 00 13.45 44+00 
35 00 13.73 56 00 
40 00 13.90 34.00 
45.00 14e09 JS. 00 
50 . 00 14+31 44 . 00 
55 . 00 1.4*47 32.00 
60 00 14.65 36 + 00 
65.00 14.75 26 cI0 
70 + 00 14.94 32 00 
75 00 15.15 42*00 
80 00 15.24 23.00 
85 00 15.31 19.00 
90 00 15.47 32.00 
95 00 15.58 22 06 
100.00 15.72 28t00 
105.00 15+82 20 . 00 
110.00 15.92 20 (jc 
115.00 16.01 18.0c) 
120.00 16.11 20 . 00 
125 00 16.41 60 00 
----------I------------------.--.------------.-- 
IF YOU WANT A LEAST SQUARES GRADIENT TYFE YES 
26 7 
HFNE20 
OWELLFLEETI NEBRASKA 10N-30W-20DDD LOGGEIS 8-11-78 
ELEUCITION: Y O 8  M 
LATITUDE: 4 0  DEG 4 8 * 6 7  M I N  
LONGITUDE: 100 DEG .15*29 MIN 
I F  YOU WANT A LEAST SQUARES GRADIENT TYPE YES 
268 
HFNE21 
BEVERLY, NEBRASKA 4N-32W-6BBC LOGGED 8-12-78 
ELEVATION: 885 M 
L A T I T U D E :  4 0  DEG 22e31 HIM 
L O N G I T U D E :  100 DEG 59e06 M I N  
269 
HFNEZ;! 
HAYES CENTERv -NEBRASKA 7N-33W-35DDD LOGGE 
ELEVATION: 920 M 
LATITUDE: 4 0  BEG 31+34 MIN 
LONGI'TUIE: 101 DEG re53 MIN 
IF YOU WANT A LEAST SQUARES GRADIENT TYPE YES 
270 
HFNE23 
SUTTLERS CANYON9 NEBRASKA 9N-33W-32DCD 
ELEVATION: 986 Pl 
LATITUDE: 40 DEG 41.95 MIN 
LONGITUDE: 101 DEG 5.87 MIN 
DE P T 1.4 TEMPERATURE 
( METEIiS j (KIEG CELSIUS) 
------.-I ------------- 
15.00 
20 . 00 
25 00 
30 00 
35 00 
40.00 
45.00 
50.00 
55 00 
50*00 
65 00 
70 00 
75‘00 
80 . 09 
35 00 
?0 . os 
95 . 00 
100 e00 
105.00 
11c.00 
115.00 
120.@0 
125.00 
130.00 
135.00 
12.63 
12.72 
12.77 
12.94 
13. 10 
L3.25 
13.93 
13.60 
13.78 
13.55 
19.03 
14.19 
112.34 
1q.36 
19.40 
14.44 
14.4’3 
14.44 
14.42 
14.50 
14.54 
14.53 
14.58 
14.55 
14.71 
LOGGED 8-12-78 
271 
HFNE24 
SUTHERLANDv NEBRASKA 11N-34W-1CCC LOGGED 8-12-78 
ELEVATION: 975 M 
LATITUKIE: 4 0  DEG 56+71 MIN 
LONGITUDE: 101 IlEG 8.86 MIN 
0.00 
-42 00 
12.69 
1 2  48 
I F  YOU WANT A LEAST SQUARES GRAIIIENT TYPE YES 
272 
IF YOU WANT A LEAST SQUARES GRADIENT TYPE YES 
2 73 
HFNE26 
EUSTfSr NEBRASKA bN-24W-23BCB LOCjGED 8-13-78 
ELEVATION: 763 M 
LATITUDE: 40 DEG 2?*55  MIN 
LONGITUDE: 100 BEG i e l . 7  M I N  
IF 'fall WANT A LERS'I' SQLIARES GRADIENT T Y F T  YES 
274 
HFNEZ? 
HAGANI NEBRASKA 4N-18W-15AD LOGGED 8-13-78 
ELEVATION: 691 M 
I...ATI'TI.JIIE : 4 0  DEG 1.8 85 MIN 
L O N G I T U D E :  Y9 IiEG 19.73 M I N  
27 5 
tiFNE28 
MINDENi NEBRASKA 6N-15W-34DCC LOGGED 8-13-78 
IF Y D l l  WANT A LEAST SQUARES GRAKIIENT TYPE YES 
2 76 
HFNE29 
ELGIN9 NEBRASKA 23N-6W-28DC LOGGED 8-18-78 
ELEVATION: 585 M 
LATITUDE: 41 XSEG 55,73 MIN 
LONGITIJDE: 98 DEG 1.06 MIN 
IF YOU WANT A LEAST SQUARES GRADIENT TYPE YES 
277 
HF).!E30 
ERUNSWICKv NEBRASKA 27N-5W-17AAA LOGGED 8/18/78 
ELEVATION: 563 M 
LATITUDE: 42 DEG 1.9t1.8 M I N  
LONGIT?JDE: Y 7  UEG 54t33 MIN 
IF YOU WANT A LEAST SQUARES GRAIIIENT TYPE YES 
278 
Appendi x 6- 1 
Dissemination of Geothermal Information 
279 
280 
Appendix 6 - 1 
DISSEMINATION OF GEClTHERMAL I NFORMnT I ON F'ERT I NENT TO 
NEBRASKA STATE-COUPLED PROCiRAM 
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Appendix 7-1 
Maps : 
Geothermal Resources of Nebraska 
Location of O i l  and Gas Test Holes 
with Bottom-Hole Temperature Data 
(Maps located in back of report) 
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